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CONSTITUTIVELY ACTIVATED SEROTONIN RECEPTORS 

The benefit of U.S. Provisional Application No. 60/039,465 filed February 
27, 1997, and U.S. Provisional Application No. 60/061,268 filed October 7, 
1997 is clainned for this application. 
5 BACKGROUND OF THE INVENTION 

Field Of The Invention 

The present invention relates generally to the field of transmembrane 
receptors, more particularly to seven segment transmembrane G protein-coupled 
receptors, and most particularly to the serotonin (5-HT) receptors. Through 

10 genetic mutational techniques, the amino acid sequences of the native S-HTja and 
5-HT2C receptors have been modified so that the receptors exist in a constitutively 
activated state exhibiting both a greater response to agonists and a coupling to 
the G Protein second messenger system even in the absence of agonist. A 
method for constitutively activating G protein-coupled 5-HT receptors in general is 

1 5 also disclosed. 

Description Of Related Art 

The research interest in G protein-coupled cell surface receptors has 
exploded in recent years as it has been apparent that variants of these receptors 
play a significant role in the etiology of many severe human diseases. These 

20 receptors serve a diverse array of signalling pathways in a wide variety of cells 
and tissue types. Indeed, over the past 20 years, G protein-coupled receptors 
have proven to be excellent therapeutic targets with the development of several 
hundred drugs directed towards activating or deactivating them. 

G protein-coupled receptors form a superfamily of receptors which are 

25 related both in their structure and their function. Structurally the receptors are 
large macromolecular proteins embedded in and spanning the cell membrane of 
the receiving cell and are distinguished by a common structural motif. All the 
receptors have seven domains of between 22 to 24 hydrophobic amino acids 
forming seven a helixes arranged in a bundle which span the cell membrane 

30 substantially perpendicular to the cell membrane. The transmembrane helixes are 
joined by chains of hydrophitic amino acids. The amino terminal and three 
connecting chains extend into the extracellular environment while the carboxy 
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terminal and three connecting chains extend into the intracellular environnnent. 
Signalling molecules are believed to be recognized by the parts of the receptor 
which span the membrane or lie on or above the extracellular surface of the cell 
membrane. The third intracellular loop joining helixes five and six is thought to be 
5 the most crucial domain involved in receptor/G protein coupling and responsible 
for the receptor selectivity for specific types of G proteins. 

Functionally, all the receptors transmit the signal of an externally bound 
signalling molecule across the cell membrane to activate a heterotrimeric 
transducing protein which binds GDP (guanosine diphosphate). Upon activation, 

10 the bound GDP is converted to GTP (guanosine triphosphate). The activated G 
protein complex then triggers further intracellular biochemical activity. Different G 
proteins mediate different intracellular activities through various second 
messenger systems including, for example, 3'5'-cyclic AMP (cAMP), 3'5'-cyclic 
GMP (cGMP), 1,2-diacylglycerol, inositol 1 ,4,5-triphosphate, and Ca^"*". Within the 

15 human genome, several hundred G protein-coupled receptors have been identified 
and endogenous ligands are known for approximately 100 of the group. While the 
seven transmembrane motif is common among the known receptors, the amino 
acid sequences vary considerably, with the most conserved regions consisting of 
the transmembrane helixes. 

20 Binding of a signalling molecule to a G protein-coupled receptor is believed 

to alter the conformation of the receptor, and it is this conformational change 
which is thought responsible for the activation of the G protein. Accordingly, G 
protein-coupled receptors are thought to exist in the cell membrane in equilibrium 
between two states or conformations: an "inactive" state and an "active" state. 

25 In the "inactive" state (conformation) the receptor is unable to link to the 

intracellular transduction pathway and no biological response is produced. In the 
altered conformation, or "active" state, the receptor is able to link to the 
intracellular pathway to produce a biological response. Signalling molecules 
specific to the receptor are believed to produce a biological response by 

30 stabilizing the receptor in the active state. 

Discoveries over the past several years have shown that G protein-coupled 
receptors can also be stabilized in the active conformation by means other than 
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binding with the appropriate signal molecule. Four principal methods have been 
identified; 1) molecular alterations in the amino acid sequence at specific sites; 2) 
stimulation with anti-peptide antibodies; 3) over-expression in in vitro systems; 
and 4) over-expression of the coupling G proteins. These other means simulate 
5 the stabilizing effect of the signalling molecule to keep the receptor in the active, 
coupled, state. Such stabilization in the active state is termed "constitutive 
receptor activation". 

Several features distinguish the constitutively activated receptors. First, 
they have an affinity for the native signalling molecule and related agonists which 

10 is typically greater than that of the native receptors. Second, where several 
known agonists of varying activity (to the native receptor) were known, it was 
found that the greater the initial activity of the agonist, the greater was the 
increase in its affinity for the constitutively activated receptor. Third, the affinity 
of the constitutively activated receptor for antagonists is not increased over the 

15 affinity for the antagonist of the native receptor. Fourth, the constitutively 
activated receptors remain coupled to the second messenger pathway and 
produce a biological response even in the absence of the signalling molecule or 
other agonist. 

The importance of constitutively activated receptors to biological research 
20 and drug discovery cannot be overstated. First, these receptors provide an 

opportunity to study the structure of the active state and provide insights into 
how the receptor is controlled and the steps in receptor activation. Second, the 
constitutively active receptors allow study of the mechanisms by which coupling 
to G proteins is achieved as well as how G protein specificity is determined. 
25 Third, mutated constitutively active receptors are now recognized in disease 
states. Study of constitutively activated receptors has demonstrated that many 
mutations may lead to constitutive activation and that a whole range of activation 
is possible. 

Fourth, the existence of constitutively active receptors provides a novel screening 
30 mechanism with which compounds which act to increase or decrease receptor 
activity can be identified and evaluated. Such compounds may become lead 
compounds for drug research. Finally, studying the affect of classical antagonists 
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(compounds previously identified as, in the absence of agonist, binding to the 
receptor but causing no change in receptor activitiy, and, in the presence of 
agonist, competitively decreasing the activity of a receptor) and other drugs used 
as treatments on the constitutively active receptors has led to the discovery that 
5 there are compounds, inverse agonists, which decrease the constitutive activity 
of the active state of the receptors but which have no or little affect on the 
inactive state. The difference between antagonists, which act on the inactive 
state, and inverse agonists, which act on the active state, is only discernable 
when the receptor exhibits constitutive activity. These inverse agonists, 

10 identifiable with constitutively active receptors, present an entirely new class of 
potential compounds for drug discovery. 

About 10 years ago, it was recognized that neurotransmitter receptors can 
be divided into two general classes depending on the rapidity of their response. 
Fast receptors were identified with ion channels and mediate millisecond 

15 responses while slower receptors were identified with G protein-coupled 

receptors. These G protein-coupled receptors include certain subtypes of the 
adrenergic as well as the muscarinic cholinergic (Ml - M5), dopaminergic (D1 - 
D5), serotonergic (5-HT1, 5-HT2, 5-HT4 - 5-HT7) and opiate {c5, /c, and //) 
receptors. Each of these G protein-coupled neurotransnnitter receptors has been 

20 associated with profound changes in mental activity and functioning, and it is 
believed that abnormal activity of these receptors may contribute to certain 
psychiatric disorders. Consequently, the elucidation of the mechanism of action 
of these receptors has been the focus of vigorous research efforts. 

Serotonin receptors are of particular importance. Serotonin-containing cell 

25 bodies are found at highest density in the raphe regions of the pons and upper 
brain stem. However, these cells project into almost all brain regions and the 
spinal column. Serotonin does not cross the blood-brain barrier and is synthesized 
directly in neurons from L-tryptophan. In the CNS serotonin is thought to be 
involved in learning and memory, sleep, thermoregulation, motor activity, pain, 

30 sexual and aggressive behaviors, appetite, neuroendocrine regulation, and 
biological rhythms. Serotonin has also been linked to pathophysiological 
conditions such as anxiety, depression, obsessive-compulsive disorders. 
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schizophrenia, suicide, autism, migraine, emesis, alcoholism and 
neurodegenerative disorders. Presently several drugs are used to modify serotonin 
receptors: 1) 5-HT1: sumatriptan for treatment of migraine, ipsapirone and 
buspirone for treatment of anxiety; 2) 5-HT2: clozapine and risperidone for 
treatment of schizophrenia; and 3) 5-HT3: odanestron for the prevention of 
emesis in chemotherapy. 

To date, fourteen serotonin receptors have been identified in 7 subfamilies 
based on structural homology, second messenger system activation, and drug 
affinity for certain ligands. The 5-HT2 subfamily is divided into 3 classes: S-HTja* 
5-HT2B/ and S-HTjc- 5-HT2A and 5-HT2C receptor antagonists are thought to be 
useful in treating depression, anxiety, psychosis, and eating disorders. 5-HT2A and 
5-HT2C receptors exhibit 51% amino acid homology overall and approximately 
80% homology in the transmembrane domains. The 5-HT2C receptor was cloned 
in 1987 and led to the cloning of the 5-HT2A receptor in 1990. Studies of the 5- 
HT2A receptor in recombinant mammalian cell lines revealed that the receptor 
possessed two affinity states, high and low. Both the 5-HT2A and S-HTjc 
receptors are coupled to phospholipase C and mediate responses through the 
phosphatidylinositol pathway. Studies with agonists and antagonists display a 
wide range of receptor responses suggesting that there is a wide diversity of 
regulatory mechanisms governing receptor activity. The B-HTja and B-HTjc 
receptors have also been implicated as the site of action of hallucinogenic drugs. 

Much of the knowledge about the structure of G protein-coupled receptors 
has come from the study of the yffs-adrenergic receptor. Over the last several 
years, site-directed mutagenesis has been used to try to determine the amino acid 
residues important for ligand binding in both the yffs-adrenergic and S-HTja 
receptors. In addition, studies have suggested that in a native (inactive) state of 
G protein-coupled receptors, the third intracellular loop is tucked into the receptor 
and is not available for interaction with the G protein. A change of receptor 
conformation (active) results in the availability or exposure of the C-terminal 
region of the third intracellular loop. 

In 1990 Cotecchia et al.^ were studying the G protein specificity 
determining characteristics of the third intracellular loop by creating chimeric 
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receptors in which the third intracellular loops had been exchanged between the 
a,-adrenergic receptor and the ^Sj-^drenergic receptor. The specific G protein 
coupled activation was essentially switched between the two receptors. While 
attempting to determine which portions of the loop were responsible for the 
5 specificity, Cotecchia et al. discovered an unexpected phenomena; namely that 
the modification in the third intracellular loop of the a,-adrenergic receptor of 
three residues, Arg288, Lys290, and Ala293, created a mutant receptor with two 
orders of magnitude greater affinity for agonist and which coupled to the second 
messenger system even in the absence of agonist. These modifications were 

10 made in the carboxy end of the third cytoplasmic loop adjacent to the sixth 

transmembrane helix. The changes responsible for this increase were isolated to 
either a Ala293 Leu or a Lys290 His mutation. Thus, a constitutively active 
state of a G protein-coupled neuroreceptor had been created. Subsequently, 
Kjelsberg et al.^ demonstrated that mutation of the amino acid at position 293 in 

15 the a^B-adrenergic receptor to any other of the 19 amino acids also produced a 
constitutively active state. Subsequently, mutations in the )ff2-adrenergic receptor 
near the carboxy end of the third cytoplasmic loop have also been shown by 
Samama et al.^ to constitutively activate this receptor. 

When foci resulting from constitutively active a^e-adrenergic receptors were 

20 injected into nude mice, tumor formation occurred. Over the past 5 years, since 
the discovery that several thyroid adenomas contained mutations of the thyroid 
stimulating hormone (TSH) receptor, constitutively activated receptors have been 
found associated with several human disease states. The mutations responsible 
for these disease states have been found in the transmembrane domains and 

25 intracellular loops. For the TSH receptor, mutations at 13 different amino acid 
positions have been found in the transmembrane domain, the third intracellular 
loop, and the second and third extracellular loops. Clearly, constitutively 
activating mutations are not limited to the third intracellular loop and the critical 
site for constitutive activation varies with each G protein-coupled receptor. The 

30 importance of the initial observations was well stated in Cotecchia et al.^ "Such 
mutations might not only help to illuminate the biochemical mechanisms involved 
in receptor-G protein coupling but also provide models for how point mutations 
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might activate potentially oncogenic receptors." 

In light of the above referenced discoveries, the importance and utility of 
discovering other constitutively activated neuronal receptors cannot be 
understated. However, the hope that other neuronal receptors could be easily and 
readily mutated to a constitutively active form by mutations in the third 
cytoplasmic loop was destroyed by the report of Burstein et al/ in 1995 of a 
comprehensive mutational approach to the G protein coupled M5 muscarinic 
acetylcholine receptor. In that approach, Burstein et al. had randomly and 
comprehensively mutated the C-terminal region of the third intracellular loop of 
the M5 muscarinic acetylcholine receptor, but no constitutive activating 
mutations were found. 

Definition : CONSTITUTIVELY ACTIVATED RECEPTOR shall mean a G protein- 
coupled receptor which: 1) exhibits an increase in basal activity of the second 
messenger pathway in the absence of agonist above the level of activity observed 
in the wild type receptor in the absence of agonist; 2) may exhibit an increased 
affinity and potency for agonists; 3) exhibits an unmodified or decreased affinity 
for antagonists; and 4) exhibits a decrease in basal activity by inverse agonists. 

SUMMARY OF THE INVENTION 
Constitutively active forms of the rat 5-HT2A and S-HTjc serotonin receptors 
have been obtained by a site-directed mutational method that will permit the 
constitutive activation of all mammalian G protein-coupled serotonin receptors. An 
amino acid position that will lead to a successful mutation in the serotonin 
receptor may be identified by alignment of the serotonin receptor against the 
amino acid sequence of the a^e-adrenergic receptor. Mutating the amino acid in 
the serotonin receptor which corresponds to the most sensitive position in the 
aiB-adrenergic receptor, alanine 293, yields a constitutively active serotonin 
receptor. A strongly constitutively active serotonin receptor is achieved when the 
mutation in the serotonin receptor is to one of the amino acids which produces 
the highest level of basal activation in constitutively activated CiB-adrenergic 
receptors. Successful constitutive activation of the serotonin receptor can be 
shown by increased high basal levels of second messenger activity in the absence 
of agonist, increased affinity and potency for agonists, and an unmodified or 
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decreased affinity for antagonists. While standard methods of site-directed 
mutagenesis may be employed, the careful placement of restriction sites in the 
primer permits the more rapid and direct determination of the clone containing the 
desired mutated receptor. 
5 It is the object of this invention to provide a general methodology for 

obtaining constitutively active forms of the G protein-coupled mammalian 
monoamine receptors. 

It is a further object of this invention to provide a general methodology for 
obtaining constitutively active forms of the G protein-coupled mammalian 
10 serotonin receptors. 

It is another object of this invention to provide a constitutively active 5- 
HTjA serotonin receptor. 

It is a further object of this invention to provide a constitutively active 5- 
HTjc serotonin receptor. 
15 Yet another object of this invention is to provide a method for rapidly 

identifying the clone containing the desired mutated receptor. 

These and other achievements of the present invention will become 
apparent from the detailed description which follows. 

DESCRIPTION OF THE FIGURES 
20 Figure 1 A shows the full DNA sequence for the rat B-HTja serotonin 

receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. Figure IB shows the translated amino acid sequence for the rat 5- 
HTjA receptor. 

Figure 2A shows the full DNA sequence for the rat 5-HT2C serotonin 
25 receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. Figure 2B shows the translated amino acid sequence for the rat 5- 
HT2C receptor. 

Figure 3A shows the full DNA sequence for the rat a,B-adrenergic receptor 
including the 5' and 3' untranslated regions with the translated codons 
30 underlined. Figure 38 shows the translated amino acid sequence for the rat a-^^- 
adrenergic receptor. 

Figure 4 shows the amino acid sequences for part of the C-terminal third 
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intracellular loop and transmembrane domain Vl for the 5-HT2A and S-HTjc 
receptors aligned opposite the corresponding part of the a^b-adrenergic receptor 
with numerals representing the amino acid positions in each receptor. 

Figure 5 shows a schematic outline of the S-HTja site-directed mutagenesis 
5 procedure. 

Figure 6 shows a schematic outline of the 5-HT2C site-directed mutagenesis 
procedure. 

Figure 7 shows the competition curves of 5-HT for ^H-ketanserin labeled 
native and mutant 5-HT2A receptors. 0.5nM ^H-ketanserin was used to label the 
10 native and mutant receptors transiently transfected in COS-7 cells. 

Figure 8 shows the radioligand binding data of ^H-ketanserin labeled native 
and mutant S-HTja receptors in the presence of agonists and antagonists. 0.5 nM 
^H-ketanserin was used to label the native and mutant B-HTja receptors 
expressed in COS-7 cells. 
15 Figure 9 shows the stimulation of IP production in COS-7 cells expressing 

native or mutant 5-HT2A receptors. IP production assays were performed using 
anion-exchange chromatography. The data are expressed as percent of maximal 
IP stimulation produced by 10 /;M 5-HT, 

Figure 10 shows the basal activity and 5-HT stimulation of the native and 
20 mutant B-HTja receptors. IP levels were measured in COS-7 cells with vector 
alone, native 5-HT2A receptors, or mutant 5-HT2A receptors. The data are 
expressed as dpms of IP stimulation minus basal levels of IP produced by vector. 
Basal activity of vector alone was typically 400 dpms. 

Figure 1 1 shows a saturation analysis of ^H-ketanserin labeled native and 
25 cys lys mutant receptors. Bmax values were determined by a BCA assay. 

Figure 12 shows the competition curves of 5-HT for ^H-mesulergine labeled 
native and mutant 5-HT2C receptors. 1 nM ^H-mesulergine was used to label the 
native and mutant receptors transiently transfected in COS-7 cells. 

Figure 13 shows the radioligand binding analysis of native and mutant 5- 
30 HT2C receptors. Native and mutant S-HTjc receptors expressed in COS-7 cells 
were labeled with 1 nM ^H-mesulergine. 5-MT = 5-methoxytryptamine. 

Figure 14 shows the 5-HT stimulation of IP production in COS-7 cells 
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transfected with the ser lys or ser -* phe mutated receptors. Cells were labeled 
with ^H-myoinositol and challenged with 5-HT (0.1 nM - 10 nM). Total IP 
production was measured by anion exchange chromatography. 

Figure 15 shows the EC50 values for the 5-HT stimulation of IP production 
5 in COS-7 ceils transfected with native, mutant ser -* lys receptor, and mutant ser 
phe receptor. Figure 15 also shows the results of ^H-mesulergine saturation 
analyses. Saturation experiments were performed using ^H-mesulergine (0.1 nM - 
5.0 nM). 

Figure 1 6 shows the effect of the ser -* lys and ser phe mutations on 
10 basal levels of IP production by the mutated 5-HT2C receptors. IP levels were 

measured in COS-7 cells with vector alone, native S-HTjc receptors, or mutant 5- 

HT2C receptors. The data are expressed as dpms of IP stimulation minus basal 

levels of IP produced by vector. 

Figure 17 shows the inverse agonist activity of spiperone and ketanserin on 
15 the mutated constitutively active 5-HT2A cys -* lys receptor. Parallel transfections 

with the native 5-HT2A receptor were performed to determine native basal activity 

which was then subtracted from the mutant receptor basal activity to determine 

constitutive stimulation. 

Figure 18 shows the inverse agonist activity of chlorpromazine, haloperidol, 
20 loxapine, spiperone, clozapine and risperidone on the mutated constitutively 

active 5-HT2A cys lys receptor. 

Figure 19 shows the inverse agonist activity of mianserin and mesulergine 

on the mutated constitutively active 5-HT2C ser lys receptor both in the 

presence and absence of 5-HT. 
25 Figure 20A sets forth the full DNA sequence for the human 5-HT2A 

serotonin receptor with the translated codons underlined. The sixth 

transmembrane domain conserved sequence of WxPFFI is indicated with block 

letters. Figure 20B shows the translated amino acid sequence for the human 5- 

HTjA receptor. 

30 Figure 21 A sets forth the full DNA sequence for the human 5-HT2C 

serotonin receptor with the translated codons underlined. The sixth 
transmembrane domain conserved sequence of WxPFFI is indicated with block 
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letters. Figure 21 B shows the translated amino acid sequence for the hunaan 5- 
HTac receptor. 

Figure 22 is the annino acid sequence of the S-HTja cys lys nnutant 
receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 23 is the DNA sequence of the 5-HT2A cys -* lys mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 24 is the DNA sequence of the 5-HT2A cys lys mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition the two bases which were mutated to create the Seal site 
are shown as larger outlined letters and are indicated with arrows. 

Figure 25 is the amino acid sequence of the 5-HT2A cys arg mutant 
receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 26 is the DNA sequence of the S-HTja cys -> arg mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 arginine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 27 is identical to Figure 26 since the AGG mutation introduced for 
arginine creates an Mnll restriction site by itself at #319. 

Figure 28 is the amino acid sequence of the B-HTja cys glu mutant 
receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 29 is the DNA sequence of the 5-HT2A cys glu mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 glutamic acid mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 30 is the DNA sequence of the 5-HT2A cys glu mutant receptor 
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including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 glutamic acid mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition the additional base which was mutated to create the Rsal 
5 site is shown as a larger outlined letter and is indicated with an arrow. 

Figure 31 is the amino acid sequence of the 5-HT2c ser -* lys mutant 
receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 32 is the DNA sequence of the B-HTjc ser lys mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
10 underlined. The bases specifying the #312 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 33 is the DNA sequence of the S-HT^c ser lys mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
15 underlined. The bases specifying the #312 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition the base vyhich was mutated to create the Seal site is 
shown as a larger outlined letter and is indicated with an arrow. 

Figure 34 is the amino acid sequence of the 5-HT2c ser -» phe mutant 
20 receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 35 is the DNA sequence of the 5-HT2C ser phe mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 phenylalanine mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
25 indicated. 

Figure 36 is the DNA sequence of the S-HTjc ser ^ phe mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 phenylalanine mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
30 indicated. In addition the base which was mutated to create the Seal site is 
shown as a larger outlined letter and is indicated with an arrow. 
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DETAILED DESCRIPTION OF THE INVENTION 

Despite the disappointing results obtained by Burstein in mutating positions 
in the third intracellular loop of the M5 muscarinic acetylcholine receptor, the 
present inventive efforts focused on finding mutations at the carboxy end of the 
5 third intracellular loop near the sixth transmembrane helix in the serotonin 
receptors. DNA and amino acid sequences for rat S-HTja and 5-HT2C serotonin 
receptors were obtained from GeneBank as was the DNA and amino acid 
sequence for the aie-adrenergic receptor. Figures 1, 2, and 3 list the full DNA and 
translated amino acid sequences for these receptors. 

10 Receptor Alionment: 

As noted above, Cotecchia et al. had identified amino acid position number 
293 in the third intracellular loop adjoining the sixth transmembrane domain in the 
a-iB-adrenergic receptor as a critical position, mutation of which lead to 
constitutive activity. However, the length of the serotonin receptors is different 

15 than the aip-adrenergic receptor, and even had they been the same, matching the 
ends would not necessarily provide a structural or functional match. What was 
important was to find an alignment method which made sense in terms of 
locating the equivalent functional site to position 293 of the a^^-a^xenergxc 
receptor in the serotonin receptors. 

20 A meaningful alignment method has been discovered based upon the fact 

that the transmembrane domains are highly conserved in G protein-coupled 
receptors. A series of conserved amino acid positions were identified in the sixth 
transmembrane domain which permit alignment of the transmembrane domain 
and the adjacent third intracellular loop between receptors. In Figure 5 the 

25 conserved sixth transmembrane domain amino acid sequence WxPFFI (x may be 
variable) has been used to align the three receptors. Alignment using this 
sequence also aligns the LGIV sequence found at the intracellular beginning of the 
sixth transmembrane domain which is connected to the third intracellular loop. 
This alignment indicates that in the 5-HT2A receptor the cysteine at position #322 

30 corresponds to the alanine at position #293 in the aig-adrenergic receptor. In the 
5-HT2C receptor, the corresponding amino acid is a serine at position #312. 
It should be noted that position 293 is not the only position in the a^^- 



wo 98/38217 PCT/US98/03991 

14 

adrenergic receptor which, when mutated, produced a constitutively active 
receptor. While Cotecchia et al J reported that the A293L mutation produced the 
greatest constitutive activation, they also noted that the K290H mutation also 
induced dramatic constitutive activity. There are clearly other sites in the third 
5 intracellular loop of each of these receptors that can be mutated. In the future, 
other sites on other receptors may be reported. However, the alignment 
methodology presented above should serve to permit the structural correlation 
between different receptors so that information gleaned from one receptor may 
be utilized to mutate another receptor. However, the evidence presently available 
10 suggests that the third position removed from the beginning of the 

transmembrane domain represented by position 293 in the aia-adrenergic receptor 
seems to play a crucial role in the binding and activation of the coupled G protein, 
and that mutations introduced at that position alter the tertiary structure of the 
region. 

15 As noted earlier, Kjelsberg et al.^ further demonstrated that substitution of 

any of the 19 amino acids at position 293 of the aie-adrenergic receptor produced 
constitutive activity. However, the relative activity increased in the following 
order of amino acids: S, N, D, G, T, H, W, Y, P, V, L, M, Q, I, F, C, R, K, and E. 
In that study, replacing the native amino acid with amino acids having long basic 

20 or acidic side chains produced the greatest degree of constitutive activity, while 
amino acids with aromatic substituents produced an intermediate degree of 
constitutive activity. It is proposed that this order, with minor variations, exists 
for most G protein-coupled receptors due to the importance of the third position 
removed from the beginning of the transmembrane domain. A reasonable starting 

25 place for mutating receptors should therefore involve mutation to one of the 
amino acids at the most active end of the above list. Further, the tertiary 
structure of the region may be significantly altered by substituting an amino acid 
with longer side chains or of different polarity from the native amino acid. 
Efficient Screenino of Mutant Receptors: 

30 When performing site-directed mutagenesis, it is common (and necessary) 

laboratory practice to fully sequence the cloned receptor to confirm that the 
mutation has been incorporated. However, because colonies containing the 
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mutant receptor cannot be distinguished from those that do not, it is necessary to 
sequence each colony. A method, outlined schematically by way of example in 
Figure 5 for the B-HTja cys lys receptor mutation and in Figure 6 for the 5-HT2c 
ser -* lys and ser -*phe receptor mutations, has been devised that rapidly and 
5 easily eliminates most non-mutated colonies, and from those remaining, identifies 
the mutant colony so that unnecessary sequencing is avoided. A two-pronged 
approach is used. The first prong is designed to prevent non-mutated vector from 
being incorporated during the first transformation by digesting the vector. E coli 
will only incorporate uncut (circular) plasmid DNA. Recognizing the limitations of 
10 the first prong, namely, that all restriction digests are not 100% complete so that 
some of the colonies at the end of the procedure will contain native DNA instead 
of mutant DNA, the second prong is designed to easily identify among the 
remaining colonies, those colonies containing the desired mutation after a second 
transformation. 

15 To begin, a unique restriction site, not occurring in the native amino acid 

sequence, is incorporated into the mutant. It is possible to introduce the unique 
restriction site because of the degeneracy of the genetic code. The unique 
restriction site is ideally located within or near the amino acid(s) which specify the 
structural mutation which is being introduced into the mutant. Thus, the 

20 restriction site can be located on the same mutagenic primer as the structural 
mutation. 

In addition, during the initial annealing, a second primer is used to remove 
a restriction site specific to the vector being used. When the second strand is 
synthesized with polymerase and ligase, only the second strand of the vector (the 

25 one not containing the mutations) will contain the original vector restriction site. 
Subsequently, after transformation, the colonies can be treated with the 
restriction enzyme specific for the vector site and only those resulting from the 
wildtype vector will be digested. Digested (cut) DNA will not be taken up by E. 
coli during the second transformation step. The colonies containing the mutated 

30 vector will not be digested and will be taken up by E. coli during the final 
transformation step. 

Each resulting colony can be tested to see whether the restriction enzyme, 
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which recognizes the unique site introduced by the mutated primer, digests the 
DNA. Only samples from colonies containing the desired mutation will be 
digested. These colonies can then be sequenced to confirm the insertion of the 
mutated amino acid. It is unnecessary to sequence colonies whose DNA is not 
5 digested by the restriction enzyme. This procedure yields a much more highly 
efficient method by saving both time and expense of sequencing every colony 
which results from the transformation experiment. 
Measurement of Receptor-Coupled Second Messenger Activation: 

In order to measure the stimulation produced through the B-HT^a and the 5- 

10 HTjc receptors, an assay was utilized which measures the accumulation of 

inositol phosphates, the product that is formed when phosphatidylinositol 4,5- 
bisphosphate is hydrolyzed to DAG and IP. This assay was established by 
Berridge and coworkers (1983) in studies of the blowfly salivary glands, and 
found to be an accurate measurement of the stimulation of phospholipase C 

15 through receptor activation. ^H-myoinositol is incorporated into the cell membrane 
by conversion to phosphatidylinositol 4,5-bisphosphate and upon receptor 
activation, is cleaved by phospholipase C to yield two products: diacylglycerol 
and ^H-inositol 1,4,5 triphosphate {IP3). 

Inositol-free media must be used for this assay because unlabeled inositol, 

20 which is normally found in many commercially available media, can result in less 
than maximal incorporation of radiolabeled inositol into the cell membrane, resulting 
in a reduction in the amount of ^H-IP that would be detected. The ^H-IP is recovered 
by anion-exchange chromatography in which IP is separated from anion-exchange 
resin using washes of increasing concentrations of formate. 

25 IPais rapidly hydrolyzed to IP2 by an inositol triphosphatase which is then 

converted to IP by inositol bisphosphatase. Because IP3 is hydrolyzed so quickly, 
accumulation of IP would be hard to measure unless the cycle of IP to inositol and 
phosphate is blocked. Lithium is used in this assay to block the enzyme which 
converts IP to inositol and phosphate (myo-inositol monophosphatase). This ensures 

30 that IP levels can accumulate and be experimentally measured and are not 
undergoing the normal rapid degradation pathway. These experiments are also 
performed in serum free media in order to remove serotonin that can be found in 
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serum which would complicate experimental results. 

The total IP levels were measured in order to obtain an accurate measurement 
of the total amount of stimulation that occurred. The actual experimental conditions 
and concentrations of reagents used in this assay are set forth in the methods and 
5 materials sections under each example below. 

Example 1 : Constitutive Activation Of The S-HT ;; ^ Receptor: 
Three separate mutations of the S-HTsa receptor were made. The cysteine 
at position 322 was mutated to lysine, glutamate, and arginine. 
Materials and Methods For Site-directed Mutagenesis: 

10 The rat 5-HT2A receptor cDNA was ligated into the mammalian expression 

vector pcDNA3 (Invitrogen) using EcoRI (GIBCO). This construct served as the 
native template for site-directed mutagenesis performed using Clontech's 
transformer kit. Mutagenic primers {Midland Certified Reagent Company) were 
designed as follows: the C322K primer was complementary to amino acid nos. 

15 318-329 of the native 5-HT2A cDNA, while changing amino acid no. 322 from 
cysteine (TGC) to lysine (AAG). The same primer was designed to incorporate a 
Seal restriction site using amino acid nos. 323 and 324 by changing the third 
base in amino acid no. 323, lysine, from AAG to AAA and the third base in amino 
acid no. 324, valine from GTG to GTA. The C322E and C322R were designed 

20 complementary to amino acid nos. 319-330 of the native 5-HT2A cDNA, while 
changing amino acid no. 322 from cysteine (TGC) to glutamate (GAG) and 
arginine (AGG). in the C322E primer, an Rsal site was introduced by changing 
the third base in amino acid no. 324, valine, from GTG to GTA. The C322R 
mutation in the primer created an Mnll site, by itself, at amino acid no. 319. The 

25 selection primer, complementary to bases 4,871-4,914 of the pcDNA3 vector, 
was designed to remove a unique PVUI site by changing base G to T at location 
4891. Phosphorylated primers were annealed to 10 ng of alkaline-denatured 
plasmid template by heating to 65*^C for 5 min and cooling slowly to 37*^C. 
Mutant DNA was synthesized using T4 DNA polymerase and ligase (Clontech) by 

30 incubating for 1 hr at 37^C, followed by digestion with PVUI (GIBCO) and 

transformation of BMH71-18mutS E. coli (Clontech). Plasmid was purified using 
the Wizard miniprep kit (Promega), digested with PVUI, and used to transform 
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DH5{ E.Coli (GIBCO). Individual colonies were isolated and plasmid DNA was 
digested with SCAl, Mnll or Rsal to screen for C322K, C322E and C322R 
mutations, respectively (GIBCO). DMA sequencing (Sequenase version 2.1 
kit, USB, ^^Sd-ATP, New England Nuclear) was performed to confirm the 
5 incorporation of lysine, glutamate, or arginine at amino acid no. 322. Sequencing 
reactions were run on a 5% acrylamide/bis (19:1) gel (Bio-Rad) for 2 hr at 50^C, 
dried for 2 hr at 80^C, and exposed on Kodak Biomax MR film for 24 hr at -80°C. 

In Figure 22 is shown the amino acid sequence of the 5-HT2A cys lys 
mutant receptor with the mutated amino acid shown as a larger outlined letter. 

10 Figure 23 shows the resulting DNA sequence of the S-HT^a cys lys mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition to showing the mutated DNA sequence of the 5-HT2A cys 

15 lys mutant receptor. Figure 24 shows the two bases, which were mutated to 
create the Seal site, as larger outlined letters and are indicated with arrows. 

In Figure 25 is shown the amino acid sequence of the 5-HT2A cys arg 
mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 26 shows the resulting DNA sequence of the S-HTja cys ^ arg mutant 

20 receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 arginine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. Figure 27 showing the added restriction site is identical to Figure 26 
since the arginine mutation to AGG creates, by itself, an Mnll restriction site at 

25 #319. 

In Figure 28 is shown the amino acid sequence of the 5-HT2A cys glu 
mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 29 shows the resulitng DNA sequence of the 5-HT2A cys -> glu mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
30 underlined. The bases specifying the #322 glutamic acid mutant are shown as 

larger outlined letters, and the starting and ending locations of the primer are also 
indicated. Figure 30 shows the additional base mutation introduced in amino 
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acid 324 to create an Rsal site. The base mutation is indicted by a larger outlined 

letter and an arrow. 

Cell culture and transfection : 

COS-7 cells were grown in Dulbecco's modified Eagle's medium (DMEM, 
5 Sigma) with 10% fetal bovine serum (Sigma) in 5% CO2 at 37^C and subcultured 
1 :8 twice a week. Twenty-four hours before transfection, cells were seeded at 
30% confluence in 100-mm dishes for radioligand binding assays or at 10^ cells 
per well in 24-well cluster plates for IP production assays. Cells were transfected 
with native or mutant 5-HT2A cDNA using Lipofectamine (GIBCO). This was 

10 accomplished by combining 20 /yl of Lipofectamine with 2.5 //g of plasmid per 
100-mm dish or 2 fj\ of Lipofectamine with 0.25 jjg of plasmid per well. 
Transfections were performed in serum-free DMEM for 4 hr at 37°C. 
Radioligand binding: 

Thirty-six hours after transfection, membranes were prepared from COS-7 

15 cells by scraping and homogenizing in 50mM Tris-HCi/5mM MgCl2/0.5mM EDTA, 
pH 7.4 (assay buffer), and centrifugation at 10,000xg for 30 min. Membranes 
were resuspended in assay buffer, homogenized, and centrifuged again. After 
resuspension in assay buffer, 1-ml membrane aliquots ( approximately 10 //g of 
protein measured by bicinchoninic acid assay) were added to each tube 

20 containing 1ml of assay buffer with 0.5nM [^H] ketanserin and competing drugs. 
10/yM spiperone was used to define non-specific binding. Saturation experiments 
were performed by using (^HJketanserin (0. 1 -5.0nM). Samples were incubated at 
23^C for 30 minutes, filtered on a Brandel cell harvester, and counted in Ecoscint 
cocktail (National Diagnostics) in a Beckman liquid scintillation counter at 40% 

25 efficiency. 

Phosphatidvlinositol hydrolysis : 

Inositol phosphate (IP) production was measured using a modified 
combination of the methods of Berridge et al. (1982) and Conn and Sanders-Bush 
(1985). In brief, 24 h after transfection, cells were washed with phosphate- 

30 buffered saline (PBS) and labeled with 0.25 /yCi/well of myo-[^H]inositol (New 
England Nuclear) in inositol free/serum-free DMEM (GIBCO) for 12 h at 37°C. 
HPLC analysis of this culture medium, after incubation, has been reported to 
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contain <^0'^^M 5-HT {Barker et al. 1994). After labeling, cells were washed 
with PBS and preincubated in inositol-free/serum-free DMEM with lOmM UCI and 
10//M pargyline (assay medium) for 10 min at 37^C. When antagonists were 
used, they were added during the 10-min preincubation period. 5-HT (Sigma), or 
5 assay medium alone, was added to each well and incubation continued for an 
additional 35 min (Westphal et al., 1995). Assay medium was removed and cells 
were lysed in 250 //I of stop solution (1 M KOH/18mM sodium borate/3. 8mM 
EDTA) and neutralized by adding 250 /j\ of 7.5 % HCI. The contents of each well 
were extracted with 3 volumes of chloroform/methanol (1:2), centrifuged 5 min 

10 at 10,000xg, and the upper layer loaded onto a 1-ml AG1-X8 resin (100-200 
mesh, Bio-Rad) column. Columns were washed with 10ml of 5 mM myo-inositol 
and 10ml of 5 mM sodium borate/60mM sodium formate. Total IPs were eluted 
with 3ml of 0.1 M formic acid/1 M ammonium formate. Radioactivity was 
measured by liquid scintillation counting in Ecoscint cocktail. 

15 Demonstration of Constitutive Activation: 

Constitutive activity of the mutated 5-HT2A receptors is demonstrated by 
the fact that the mutated receptors exhibit all the hallmark characteristics 
established for constitutive activation: a showing of increased agonist affinity, 
increased agonist potency, and coupling to the G protein second messenger 

20 system in the absence of agonist. 

Figure 7 shows the competition curves of 5-HT for ^H-ketanserin labeled 
native and mutant 5-HT2A receptors. 0.5nM ^H-ketanserin was used to label the 
native and mutant receptors transiently transfected in COS-7 cells. While the 
native receptor demonstrated a relatively low affinity for 5-HT (K; = 293 nM), the 

25 three mutant receptors displayed a high affinity for 5-HT with the cys ^ lys 
mutant exhibiting a 12-fold increase in affinity for 5-HT (Kj = 25 nM), the cys 
arg mutant exhibiting a 27-fold increase in affinity for 5-HT (K; = 1 1 nM). and the 
cys glu mutant exhibiting a 3.4-fold increase in affinity for 5-HT (K; = 86 nM). 
To determine whether other agonists would display a similar increase in 

30 affinity for the mutant receptors, two known agonists (DOM and DOB) were 

tested with both the native and cys -> lys mutant. Figure 8 shows the radioligand 
binding data of ^H-ketanserin labeled native and mutant S-HTja receptors in the 
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presence of agonists and antagonists. 0.5 nM ^H-ketanserin was used to label the 
native and mutant 5-HT2A receptors expressed in COS-7 cells. The DOM and DOB 
agonists show increased affinity for the mutant receptor, as is seen for 5-HT. The 
Kj for DOM shows a 5-fold increase, while the K, for DOB shows a 7.4-fold 
5 increase. 

To determine if the mutant 5-HT2A receptors would exhibit an increase in 
agonist potency relative to the native 5-HT2A receptor, 5-HT stimulation of the 
native and mutant 5-HT2A receptors was measured using an IP production assay. 
Figure 9 shows the stimulation of IP production in COS-7 cells expressing native 

10 or mutant 5-HT2A receptors. Both the cys -* lys and cys glu mutant receptor 
curves exhibit a leftward shift away from the native curve in the 5-HT dose- 
response indicating that there was an increase in 5-HT potency at the mutant 
receptors. The cys -» lys and cys glu mutant receptors displayed EC50 values of 
25 nM and 61 nM, respectively, as compared to the native 5-HT2A receptor which 

15 had an EC50 value of 152 nM. 

Figure 10 shows the basal activity and 5-HT stimulation of the native and 
mutant 5-HT2A receptors. As can be seen, both the cys lys and the cys glu 
mutant 5-HT2A receptors show dramatic increases in basal intracellular inositol 
phosphate (IP) accumulation compared to the native receptor. The cys -* lys 

20 mutant receptor produced a 345% (8-fold) increase in IP levels over the vector 
control. The cys glu mutant receptor produced a 158% (3.7-fold) increase in IP 
levels over the vector control. Upon the addition of 10 jjM 5-HT, both the native 
and mutant receptors produced an additional increase in IP production. The basal 
activity of the cys lys mutant was 48% of that of the maximally stimulated 

25 native S-HTja receptor. The basal activity of the cys -> glu mutant was 31 % of 
that of the maximally stimulated native 5-HT2A receptor. 

In order to determine whether the above results were due to an increase in 
the number of expressed mutant receptors rather than to a change in the 
properties of the mutated receptors, saturation curves were generated. Figure 11 

30 shows a saturation analysis of ^H-ketanserin labeled native and cys -* lys mutant 
receptors. B|g,Ax values were determined by a BCA assay. For the native receptor 
"the B^Ax = 193 +/- 37 fmol/mg, while for the cys lys mutant receptor, the 
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B^^Ax 218 +/- 31 fmol/mg. There is no significant difference in the B^ax values 
for the native and mutant receptors. The Kq of ^H-ketanserin also did not differ 
between the native and mutant receptors. These data demonstrate that the 
results were not due to an increase in number of expressed mutant receptors 
compared to expressed native receptors. 

Thus, the mutated S-HTja receptors meet all the criteria for constitutively 
activated receptors; they show a higher affinity for agonists; they show a higher 
potency for 5-HT; and they show activation (coupling) of the G protein second 
messenger pathway (IP production) even in the absence of agonist. 

Example 2: Constitutive Activation of 5-HT o r> Receotor 
Materials and Methods For Site-directed Mutaoenesis: 

The rat S-HTjc receptor cDNA was ligated into the mammalian expression 
vector pcDNA3 (Invitrogen) using BamHI (Gibco). This construct served as the 
native template for site-directed mutagenesis performed using Clonetech's 
Transformer kit. Mutagenic primers (Midland Certified Reagent Company) were 
designed complementary to amino acids #308-317 of the native S-HTjc cDNA, 
while changing amino acid #312 from serine (TCC) to lysine (AAG) or 
phenylalanine (TTC). The same primers were designed to incorporate an Seal 
restriction site at amino acid #314 by changing the third codon in valine from 
GTC to GTA. The selection primer, complementary to bases 2081-3017 of the 
pcDNA3 vector, was designed to remove a unique Smal site by changing glycine 
at base 2093 from GGG to GGA. Phosphoryiated primers were annealed to lOng 
of alkaline denatured plasmid template by heating to 65^C for 5 minutes and 
cooling slowly to 37^C. Mutant DNA was synthesized using T4 DNA polymerase 
and ligase (Ctonetech) by incubating for 1 hour at 37°C, followed by digestion 
with Smal (Gibco) and transformation of BMH71-18mutS E. coli (Clonetech). 
Plasmid was purified using the Wizard miniprep kit (Promega), digested with 
Smal, and used to transform DH5a E. coli (Gibco). Individual colonies were 
isolated and plasmid DNA was digested with Seal to screen for S312K and 
S312F mutants (Gibco). S312K and S312F mutant plasmids contain an additional 
Seal site and appear as two bands (2.3Kb and 7.6Kb) when run on a 1% 
agarose gel. DNA sequencing (Sequenase version 2.1 kit USB, ^^Sd-ATP NEN) 
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was performed to confirm the incorporation of lysine or phenylalanine at amino 
acid #312. Sequencing reactions were run on a 5% acrylamide/bis (19:1) gel 
(BioRad) for 2 hours at 50°C, dried for 2 hours at 80^C, and exposed to Kodak 
Biomax MR film for 24 hours at -80°C. 
5 In Figure 31 is shown the amino acid sequence of the S-HTjc ser -* lys 

mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 32 shows the resulting DNA sequence of the S-HTjc ser lys mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 lysine mutant are shown as larger 
10 outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition to showing the mutated DNA sequence of the 5-HT2C ser 
lys mutant receptor. Figure 33 shows the base, which was mutated to create the 
Seal site, as a larger outlined letter indicated with an arrow. 

In Figure 34 is shown the amino acid sequence of the 5-HT2C ser -* phe 
15 mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 35 shows the resulting DNA sequence of the S-HTjc ser -* phe mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 phenylalanine mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
20 indicated. In addition to showing the mutated DNA sequence of the 5-HT2C ser 

phe mutant receptor. Figure 36 shows the base, which was mutated to create the 
Seal site, as a larger outlined letter indicated with an arrow. 
Cell culture and transfection : 

COS-7 cells were grown in Dulbecco's Modified Eagle's Medium (DMEM, 
25 Sigma) with 10% fetal bovine serum (Sigma) in 5% CO2 at 37^C and subcultured 
1:8 twice a week. Twenty-four hours prior to transfection, cells were seeded at 
30% confluence in 100mm dishes for radioligand binding assays or at 10^ 
cells/well in 24 well cluster plates for PI assays. Cells were transfected with 
native or mutant 5-HT2^, cDNA using Lipofectamine (Gibco). This was 
30 accomplished by combining 20 jj\ of lipofectamine with 2.5 fjg plasmid per 

100mm dish or 2 jj\ lipofectamine and 0.25 ;yg plasmid per well. Transfections 
were performed in serum-free DMEM for 4 hours at 37^C. 
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Radioligand binding : 

Thirty-six hours after transfection, membranes were prepared from COS-7 
cells by scraping and homogenizing in 50mM Tris-HCI / 5mM MgClj / 0.5mM 
EDTA pH 7.4 (assay buffer) and centrifugation at 10,000xg for 30 minutes. 
5 Membranes were resuspended in assay buffer, homogenized and centrifuged 
again. Following resuspension in assay buffer, 1 ml membrane aliquots 
(approximately 10;/g protein measured by BCA assay) were added to each tube 
containing 1ml of assay buffer with InM ^H-mesulergine and competing drugs. 
10//M mianserin was used to define non-specific binding. Saturation experiments 

10 were performed using ^H-mesulergine (0.1 nM-5.0nM) or ^H-5-HT (0,1nM-30nM) 
in the absence of presence of 10//M GppNHp (RBI). Samples were incubated at 
37^C for 30 minutes, filtered on a Brandel cell harvester, and counted in Ecoscint 
cocktail (National Diagnostics) in a Beckman liquid scintillation counter at 40% 
efficiency. 

15 PhosDhatidvlinositol hydrolysis : 

Inositol phosphate (IP) production was measured using a modified 
combination of the methods of Berridge et al., 1982 and Conn and Sanders-Bush 
1985. Briefly, 24 hours after transfection, cells were washed with PBS and 
labeled with 0.25//Ci/well of ^H-myoinositol (NEN) in inositol-free/serum-free 

20 DMEM (Gibco) for 12 hours at 37^C. Following labeling, cells were washed with 
PBS and preincubated in inositol-free/serum-free DMEM with lOmM LiCI and 
10//M pargyline (assay medium) for 10 minutes at 37^C. When antagonists were 
used they were added during the 10 minute preincubation period. 5-HT (Sigma), 
or assay medium alone, was added to each well and incubation continued for an 

25 additional 35 minutes (Westphal et al., 1995). Assay medium was removed and 
cells were lysed in 250 /yl of stop solution (1M KOH / 18mM NaBorate / 3.8mM 
EDTA) and neutralized by adding 250;yl of 7,5% HCL The contents of each well 
were extracted with 3 volumes of chloroform:methanol (1:2), centrifuged 5 
minutes at 10,000xg, and the upper layer loaded onto a 1ml AG1-X8 resin (100- 

30 200 mesh, BioRad) column. Columns were washed with lOmIs of 5mM 

myoinositol and lOmIs of 5mM NaBorate / 60mM NaFormate. Total IPs were 
eluted with 3mls of 0.1M formic acid / 1M ammonium formate. Radioactivity was 
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measured by liquid scintillation counting in Ecoscint cocktail. 
Stable Transfection: 

Although not yet fully characterized, it has been found possible to create a 
stable cell line expressing mutant receptors by the following method. The rat 
5 5-HT2C cDNA (edited VSI isoform) was used as a template for site-directed 
mutagenesis to convert amino acid 312 from serine to lysine as previously 
described. Native and S312K S-HTjc cDNAs were ligated into the BamHI/EcoRI 
site of the pZeoSV2-l- mammalian expression vector (Invitrogen) containing the 
zeocin resistance gene. NIH3T3 cells (ATCC) were stably transfected using the 

10 high efficiency BES method. Briefly, cells were seeded at 5x10^cells/IOOmm 

culture dish in complete medium (DMEM/1 0%FBS) and grown in 5% CO2 at 37° 
overnight. Twenty micrograms of pZeoSV2/5-HT2c DNA (linearized with Bglll) 
was mixed with 500/yl of 0.25M CaCIs and 500/yl of 2x BES solution (50mM 
N,N-bis-2-hydroxyethyl-2-aminoethanesulfonic acid; 280mM NaCI; 1.5mM 

15 Na2HP04; pH to 6.95) and incubated at 25*^C for 20 minutes. The solution was 
added dropwise on top of the cells. The cells were incubated for 20 hours at 
35°C in 3% CO2, washed twice with PBS, complete medium replenished, and 
incubated for 48 hours at 37*^C in 5% CO2. Cells were split 1:4 into complete 
medium containing 500//g/ml zeocin. Individual colonies were isolated and tested 

20 for 5-HT2C receptor expression by ^H-mesulergine binding. 
Demonstration of Constitutive Activation: 

Constitutive activity of the mutated 5-HT2C receptors is demonstrated by 
the fact that the mutated receptors also exhibit all the hallmark characteristics 
established for constitutive activation: a showing of increased agonist affinity, 

25 increased agonist potency, and coupling to the G protein second messenger 
system in the absence of agonist. 

Figure 12 shows the competition curves of 5-HT for ^H-mesulergine labeled 
native and mutant 5-HT2C receptors. 0.5nM ^H-mesulergine was used to label the 
native and mutant receptors transiently transfected in COS-7 cells. As shown in 

30 Figure 12, the 5-HT competition isotherms for ^H-mesulergine labeled ser lys 
and ser phe mutant receptors display a marked leftward shift compared with 
native receptors. The affinity of 5-HT for ser -» lys mutant receptors increased 
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almost 30-fold from 203 nM in the native to 6.6 nM in the ser lys mutant. 
Similarly, but on a smaller scale, the ser phe mutation resulted in a 3-fold 
Increase in 5-HT affinity to 76 nM. 

To determine whether other agonists would display a similar increase in 
5 affinity for the mutant receptors, two known agonists, 5-methoxytryptamine and 
DOB were tested with the ser lys mutant. Figure 13 shows the radioligand 
binding analysis of native and mutant B-HTjc receptors in the presence of 
agonists and antagonists. Native and mutant 5-HT2C receptors expressed in COS- 
7 cells were labeled with 1 nM 3H-mesulergine. The 5-MT and DOB agonists 

10 show increased affinity for the mutant receptor, as is seen for 5-HT. 5-methoxy- 
tryptamine and DOB display an 89-fold and 38-fold Increase, respectively, in 
affinity for the ser lys mutant receptors. 

To determine if the mutant 5-HT2C receptors would exhibit an increase in 
agonist potency relative to the native 5-HT2C receptor, 5-HT stimulation of the 

15 native and mutant S-HTjc receptors was measured using an IP production assay. 
Figure 14 shows the stimulation of IP production in COS-7 cells expressing native 
or mutant S-HTjc receptors. Both the ser -> lys and ser -* phe mutant receptor 
curves exhibit a leftward shift away from the native curve in the 5-HT dose- 
response indicating that there was an increase in 5-HT potency for the mutant 

20 receptors. The shifts were similar in magnitude to the shifts in the 5-HT 
competition binding isotherms. Figure 15 shows the 5-HT stimulation of IP 
production in COS-7 cells transfected with the ser -> lys or ser phe mutated 
receptors. As shown in Figure 15, the EC50 value for 5-HT mediated stimulation of 
IP production increased from 70 nM in cells transfected with native receptors to 

25 2.7 nM in the ser -> lys mutant and 28 nM in the ser phe mutant. 

Figure 16 shows the effect of the ser lys and ser phe mutations on 
basal levels of IP production by the mutated S-HTjc receptors. Cells transfected 
with native 5-HT2C receptors displayed a small increase (9%, 225dpm) in basal IP 
production over cells transfected with vector alone. Transfection with ser -» lys 

30 and ser phe mutant 5-HT2C receptors resulted in 5-fold and 2-fold increases, 

respectively, in basal levels of IP production when compared with cells expressing 
native 5-HT2C receptors. Basal levels of IP stimulated by ser lys mutant 
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receptors represented 50% of total IP production stimulated by native receptors 
in the presence of 10 //M 5-HT. 5-HT stimulated IP production 10 fold over basal 
levels in cells transfected with native receptors and 2-fold over basal levels in 
cells transfected with ser lys mutant receptors. However, 5-HT elicited the 
5 same maximal IP response in cells transfected with native or mutant receptors. 

Since receptor density can influence agonist binding affinity and potency in 
stimulating second messenger systems, saturation curves were generated. 
Therefore, ^H-mesulergine saturation analyses and Scatchard transformations 
were performed in parallel to control for variations in transfection efficiency and 

10 receptor expression levels. As shown in Figure 15, the S-HTjc receptor density 
was greater in cells transfected with native receptors than in cells transfected 
with either the ser lys or the ser phe mutant receptors. These data indicate 
that the increase in agonist binding affinity and potency of the mutated receptors 
did not result from increased receptor expression, but directly resulted from the 

15 mutations. 

Thus, like the mutated 5-HT2A receptors, the mutated 5-HT2C receptors 
meet all the criteria for constitutively activated receptors; they show a higher 
affinity for agonists; they show a higher potency for 5-HT; and they show 
activation (coupling) of the G protein second messenger pathway {IP production) 

20 even in the absence of agonist. 

Inverse Aaonism at Constitutively Activated Serotonin Receptors 

As noted above, the discovery and elucidation of the mechanisms of action 
of constitutively activated receptors has led to the recognition of a new class of 
receptor antagonists, identified as inverse agonists. The mutated 5-HT2A and 5- 

25 HT2C receptors of this invention were used to test the activity of known serotonin 
receptor antagonists. Figure 8 shows the binding affinities of four known 5-HT2A 
antagonists to the native and cys lys mutant 5-HT2A receptors. There is an 
apparent decease in the binding affinity of methysergide and mianserin at the 
mutant 5-HT2A receptors, but no change in binding affinity for spiperone and 

30 ketanserin. However, as shown in Figure 17, both spiperone and ketanserin 
reversed the constitutive stimulation of IP production in ceils expressing the 
mutant 5-HT2A receptor. Ketanserin and spiperone decreased the constitutive IP 
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Stimulation by 80 /o and 58% respectively. 

Several antipsychotic drugs presently in use are thought to act at the 5- 
HTjA receptor. As shown in Figure 18, all these drugs, chlorpromazine, 
haloperidol, loxapine, clozapine, and risperidone as well as spiperone reduce the 
5 constitutively activated IP basal activity of the mutated S-HT^^^ receptor. 

The constitutively active ser -» lys mutated S-HTjc receptor of this 
invention can also be used to screen compounds for inverse agonist activity. 
Figure 19 shows that two classical 5-HT2c receptor antagonists, mianserin and 
mesulergine, exhibit inverse agonist activity by decreasing basal levels of PI 

10 hydrolysis associated with the constitutively active S-HTjc mutant receptor. The 
inverse agonism of these compounds is apparent both in the presence and 
absence of serotonin. 

The demonstration of inverse agonism at the mutated S-HTja and S-HTjc 
receptors further characterizes the mutated serotonin receptors of this invention 

15 as being constitutively active. Not only have the 5-HT2A and S-HTjc receptors 

been mutated to a constitutively active form, but a method has been disclosed for 
mutating all mammalian G protein-coupled monoamine receptors, including 
serotonin receptors, to a constitutively active form. Unlike the case of the M5 
muscarinic acetylcholine receptor where mutations in the third cytoplasmic loop 

20 do not produce constitutive activation, the present invention clearly demonstrates 
that mutations in the third cytoplasmic loop of G protein-coupled serotonin 
receptors may be used to induce constitutive activation. Previously, third 
intracellular loop mutations near the transmembrane region had only been found 
to produce constitutively active receptors of the adrenergic type. With the present 

25 discoveries, it is now recognized that the alignment and positional mutation 
method of this invention is applicable to the general class of monoamine 
receptors of which the adrenergic and serotonin receptors are major subclasses. 
Further, based upon the present discoveries, it is expected that mutations may be 
introduced at other sites in the third cytoplasmic loop which will constitutively 

30 activate the G protein-coupled monoamine receptors including the serotonin 
receptors. 
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Additional Advances Enabled By The Discoveries Of The Present Invention: 

Figures 20A and 20B show the DNA and amino acid sequences for the 
human 5-HT2A receptors. In Figure 20A, it can be seen that the sixth 
transmembrane domain has the same WxPFFI conserved sequence (outlined type) 
5 as seen in the rat receptors. Figures 21 A and 218 show the DNA and amino acid 
sequences for the human S-HTjc receptors. In Figure 21 A it can be seen that the 
sixth transmembrane domain also has the same WxPFFI conserved sequence 
(outlined type) as seen in the rat receptors. Both of these human receptors may, 
therefore, be similarly aligned with the rat a1 -adrenergic, 5-HT2A1 and B-HT^c 
10 receptors to identify the amino acid positions which may be mutated to produce 
constitutively active human receptors following the methodologies of this 
invention. 

Having identified mutations which constitutively activate the 5-HT2A and 5- 
HTjc serotonin receptors, it is now possible to create transgenic mammals 
15 incorporating these mutations using techniques well known in the art. This will 
provide an opportunity to study the physiological consequences of constitutive 
receptor activation and may lead to the development of novel therapeutic agents. 

Those skilled in the art will recognize that various modifications, additions, 
substitutions and variations of the illustrative examples set forth herein can be 
20 made without departing from the spirit of the invention and are, therefore, 
considered within the scope of the invention. 
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CLAIMS 

What is claimed is: 

1 . A method of constitutively activating targeted G protein-coupled 
mammalian monoamine receptors comprising the following steps: 

5 a. aligning a conserved amino acid sequence occurring in the sixth 

transmembrane domain of the targeted monoamine receptor with the 
conserved amino acid sequence in the sixth transmembrane domain 
of a second monoamine receptor for which a constitutively activated 
form having a mutation in the third intracellular loop is known; 

10 b. identifying in the aligned receptor sequences the amino acid position 

in the targeted monoamine receptor which corresponds to the amino 
acid position in the third intracellular loop which produced 
constitutive activation in the second monoamine receptor; and 
c, mutating, by site-directed mutagenesis, the identified amino acid 

15 position in the targeted monoamine receptor so that a different 

amino acid is substituted for the amino acid occurring in the native 
targeted receptor. 

2. The method of claim 1 in which the targeted monoamine receptor is a G 
protein-coupled serotonin receptor. 

20 3. The method of claim 2 in which the G protein-coupled serotonin receptor is 
the 5-HT2A receptor. 

4. The method of claim 2 in which the G protein-coupled serotonin receptor is 
the 5-HT2C receptor. 

5. The method of claim 1 in which the conserved amino acid sequence within 
25 the sixth transmembrane domain used for the alignment is WxPFFI, where x 

represents that any amino acid may occur at that position. 

6. A method of constitutively activating G protein-coupled mammalian 
serotonin receptors comprising the following steps: 

a. aligning a conserved amino acid sequence occurring in the sixth 
30 transmembrane domain of the serotonin receptor with the conserved 

amino acid sequence in the sixth transmembrane domain of the a^^- 
adrenergic receptor for which a constitutively activated form having 
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5 



c. 



b. 



a mutation in the third intracellular loop is known; 

identifying in the aligned receptor sequences the amino acid position 

in the serotonin receptor which corresponds to the amino acid 

position in the third intracellular loop which produced constitutive 

activation in the aig-adrenergic receptor; and 

mutating, by site-directed mutagenesis, the identified amino acid 

position in the serotonin receptor so that a different amino acid is 

substituted for the amino acid occurring in the native serotonin 



receptor. 



10 7. The method of claim 6 in which the G protein-coupled serotonin receptor is 
the 5-HT2A receptor. 

8. The method of claim 6 in which the G protein-coupled serotonin receptor is 
the 5-HT2C receptor. 

9. The method of claim 6 in which the conserved amino acid sequence within 
15 the sixth transmembrane domain used for the alignment is WxPFFI, where x 

represents that any amino acid may occur at that position. 

10. The constitutively active 5-HT2A receptor in which the amino acid at 
position number 322 has been mutated from the cysteine found in the native 
receptor to an amino acid selected from the group consisting of lysine, glutamic 

20 acid, and arginine. 

11. The constitutively active 5-HT2C receptor in which the amino acid at 
position number 312 has been mutated from the serine found in the native 
receptor to an amino acid selected from the group consisting of lysine and 
phenylalanine. 

25 12. The DNA encoding the constitutively active 5-HT2A receptor in which the 
amino acid at position number 322 has been mutated from the cysteine found in 
the native receptor to an amino acid selected from the group consisting of lysine, 
glutamic acid, and arginine. 

13. The DNA encoding the constitutively active B-HTjc receptor in which the 
30 amino acid at position number 312 has been mutated from the serine found in the 
native receptor to an amino acid selected from the group consisting of lysine and 
phenylalanine. 
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14, A method of efficiently minimizing the number of full DNA sequencings, 
which must be performed on the colonies resulting from site-directed mutagenesis 
employing vectors, by eliminating most colonies not containing the desired 
mutation and by tagging colonies containing the desired mutation for easy 
5 identification comprising the following steps: 

a. creating two primers, the first of which will remove a restriction site 
occurring in the original form of the vector and the second of which 
will introduce the desired mutation as well as a second mutation 
which specifies a unique restriction site not found in the primer; 
10 b. annealing the primers to the vector; 

c. synthesizing the second strands; 

d. exposing the double stranded DNA to the restriction enzyme for the 
restriction site which occurs on the original vector thereby digesting 
the DNA containing the restriction site so that it cannot be taken up 

15 during a subsequent transformation; 

e. transforming the test organism with the remaining double stranded 
circular DNA; and 

f. testing the resulting colonies to see if they contain DNA which can 
be digested by the restriction enzyme for the unique site introduced 

20 by the second primer 

whereby only DNA from those colonies which have incorporated the 
desired mutation will be digested with the restriction enzyme for the unique 
restriction site and the presence of such digestion indicates that that colony 
contains the desired mutation. 
25 15. The method of claim 14 in which the following additional steps are 
performed after step e and before step f of claim 14: 

e'. repeating a restriction digest using the restriction enzyme for the 

restriction site which occurs on the original vector; and 
e". tansforming the test organism with the remaing double stranded 
30 circular DNA, 

16, The constitutively active 5-HT2A receptor coded by the DNA sequence 
specified in Figure 24 which DNA also contains a mutation creating a unique 
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restriction site. 

17. The constitutively active B-HTja receptor coded by the DNA sequence 
specified in Figure 27 which DNA also contains a mutation creating a unique 
restriction site. 

5 18. The constitutively active B-HTj^ receptor coded by the DNA sequence 
specified in Figure 30 which DNA also contains a mutation creating a unique 
restriction site. 

19. The constitutively active 5-HT2c receptor coded by the DNA sequence 
specified in Figure 33 which DNA also contains a mutation creating a unique 

10 restriction site. 

20. The constitutively active 5-Ht2c receptor coded by the DNA sequence 
specified in Figure 36 which DNA also contains a mutation creating a unique 
restriction site. 

21. The use of the constitutively activated mammalian G protein-coupled 

15 monamine receptor to screen for agonists, inverse agonists, and antagonists not 
previously identified as such at the native receptor. 

22. The method of claim 21 where the mammalian G protein-coupled 
monoamine receptor is a serotonin receptor. 

23. A transgenic mammal having incorporated and expressed in its genome a 
20 constitutively activated monoamine G protein-coupled receptor, 

24. The transgenic mamma! of claim 23 wherein the constitutively activated 
monoamine G protein-coupled receptor is a serotonin receptor. 

25. The method of constitutively activating G protein-coupled receptors as 
described and illustrated in the specification. 

25 26. The method of efficiently minimizing the number of full DNA sequencings 
as described and illustrated in the specification. 

27. The constitutively activated receptors as described and illustrated in the 
specification. 

28. DNA encoding constitutively activated receptors as described and 
30 illustrated in the specification. 

29. The invention as described and illustrated in the specification. 
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1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 
61 tQQaaattct ttotQaaaac aatatctctc toaactcaat tccaaactcc ttaatqcaat 
121 taQQtqatQQ cccaaqact c taccataata acttcaactc caoaQatQCt aacacttCQQ 
181 aaacatcaaa ctaaacaatt aatQctaaaa acaoaaccaa cctctcctQt aaagggtacc 
241 tcccaccaac atocctctcc attcttcat c tccaaaaaaa aaactoatct gctttattaa 
301 caactQtcat aattattctc accattactQ aaaatatact aatcatcata acaatatccc 
361 taaaaaaaaa actacaaaat occaccaact atttcctoat atcacttacc ataqctaata 
421 tQCtQCtogq mccttatc atocctatat ccatottaac catcctatat aaataccaat 
481 ggcctttgcc taqcaaqctc tgtqcqatct goatttacct qqatqtqctc ttttctacqg 
541 catccatcat gcacctctoc gccatctccc tgqaccacta tatcqccatc caqaacccca 
601 ttcaccacag ccqcttcaac tccagaacca aaqccttcct caaaatcatt qccototgaa 
661 ccatatctqt acqtatatcc atgccaatcc caotctttgg actacaogat aattcaaaaa 
721 tctttaaqga gggqagctgc ctqcttgccg atqacaactt tqttctcata ggctcttttg 
781 tgqcattttt catcccccta accatcatgo tgatcaccta cttcctgact atcaagtcac 
841 Ttcagaaaga agccaccttg tgtgtgagtg acctcagcac tcgacccaaa ctagcctcct 
901 Tcagcttcct ccctcagagt tctctgtcat caqaaaagct cttccaacgg tccatccaca 
961 gagagccagg ctcctacgca ggccgaagga cgatgcagtc catcagcaat gagcaaaaqg 
1021 cgtgcaaggt gctgggcatc gtgttcttcc tgtttgttgt aatgtggtgc ccattcttca 
1081 tcaccaatat catggccgtc atctgcaaag aatcctgcaa tgaaaatgtc atcggagccc 
1 141 tgctcaatgt gtttgtctgg attggttatc tctcctcagc tgtcaatcca ctggtatata 
1 201 cgttgttcaa taaaacttat aggtccgcct tctcaaggta cattcagtgt cagtacaagg 
1261 aaaacagaaa gccactgcag ttaattttag tgaacactat accagcattq qcctacaagt 

FIGURE lA 
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1321 ctaotcaQct ccaaatQ Qaa caoaaaaaoa actcacaoaa aaatQctQaa caaacaottQ 
1381 atqactqctc catQQttaca ctaaaaaaac aacaotCQQa ao aaaattot acaoacaata 
1441 ttoaaaccQt Qaatoaa aaa attaactato to tQatoaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE lA - CONTINUED 
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MEILCEDNISLSSIPNSLMQLGDGPRLYHNDFNSRDANTSEASN 

WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 

KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAIWIYLDVLFST 

ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 

SKVFKEGSCLLADDNFVLIGSFVAFFIPLTIMVITYFLTIKSLQKEATLCVSDLSTRA 

KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSISNEQKACKVLGIVFFLFVV 

MWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 

RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 

QQSEENCTDNIETVNEKVSCV 



FIGURE IB 
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ORIGIN 23 bp upstream of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga aacaatc ata gtoaaccttQ QcaacQcoat QCQCtcgctc 
721 ctqatQcacc taatCQQCCt attQQtttQQ caattcoata tttccataaa tccaataaca 
781 Qctataotaa ctaacacttt taattcctcc aatQQtQQac acttotttca attcccaaac 
841 QQQQtacaaa actQaccaac actttcaatc qtcgtqatta taatcataac aatagggggc 
901 aacattcttQ ttatcataoc aataagcata aagaaaaaac tgcacaatoc aaccaattac 
961 ttcttaatQt ccctaaccat tQctaatato ctaQtaaaac tacttotcat acccctatcc 
1021 ctQcttQcta ttctttatoa ttatotctao cctttaccta aatatttata ccccatctaa 
1081 atttcactaa atatqctatt ttcaactqcq tccatcatac acctctacQC catatcoctq 
1 141 qaccQQtatQ taacaataca taatcctatt aagcatagcc gqttcaattc qcqqactaaa 
1201 gccatcataa aqattaccat catttaaaca atatcaataa gaatttcaat tcctatccct 



FIGURE 2A 
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1261 QtaattaQac toaaaasc aa aaQcaaa oto ttcotaaata acaccacoto CQtoctcaat 

1321 oaccccaact tcottctc at coaQtccT tc otoacattct tcatcccott QacoattatQ 

1381 Qtoatcacct acttcttaac oatctacotc ctocQccQtc aaactctaat Qttacttcaa 

1441 QQtcacaccQ aoQaQQaact QQctaatato aocctQaacT tTctoaactQ ctQCtQcaao 

1501 aaaaaTQatQ otQaQaaaaa aaacQctcca aaccctaatc caoatcaQaa accacotcga 

1561 aaQaaoaaao aaaaoc Qtcc caoaQQcacc ato caaocta tcaacaacoa aaaoaaaoct 

1621 Tccaaaatcc ttaacattQt attctttota t ttctoatca totoatQccc otttttcatc 

1681 accaatatcc totcoattct ttatoaQaaa occtataacc aaaaactaat QQaoaaactt 

1741 ctcaatQtQt ttototoQat tQQctatQto tottcaaQca tcaatcctct aototacact 

1801 ctctttaata aaatttacca aaoQactttc tctaaatan tQcacxacaa ttataaocca 

1861 oacaaaaa ac ctcctottca acaoattcct aQaotto ctQ ccactacttt QtctQaoaQO 

1921 qaQCtcaata ttaacama tcoQcata cc aataaac ata tooctaQQaa aactaataac 

1981 cctqaqcctq QcataQaoat acaaataaaa aacttaaaac taccaatcaa cccctctaat 

2041 qtqqtcaqcq aqaaaattaq taqtqto taa gcgaagagca gcgcagactt cctacaggaa 

2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 

2161 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 

2221 atcatgcgtt aatagtgaga ttcggg 



FIGURE 2A - CONTINUED 
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Rat 5-HT2C 

MVNLGNAVRSLLMHLIGLLVWQFDISISPVAAIVTDTFNSSDGG 

RLFQFPDGVQNWPALSIVVIIIMTIGGNILVIMAVSMEKKLHNATNYFLMSLAIADML 

VGLLVMPLSLLAILYDYVWPLPRYLCPVWISLDVLFSTASIMHLCAISLDRYVAIRNP 

lEHSRFNSRTKAIMKIAIVWAISIGVSVPIPVIGLRDESKVFVNNTTCVLNDPNFVLI 

GSFVAFFIPLTIMVITYFLTIYVLRRQTLMLLRGHTEEELANMSLNFLNCCCKKNGGE 

EENAPNPNPDQKPRRKKKEKRPRGTMQAINNEKKASKVLGIVFFVFLIMWCPFFITNI 

LSVLCGKACNQKLMEKLLNVFVWIGYVCSGINPLVYTLFNKIYRRAFSKYLRCDYKPD 

KKPPVRQIPRVAATALSGRELNVNIYRHTNERVARKANDPEPGIEMQVENLELPVNPS 
NVVSERISSV 



FIGURE 2B 
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Rat a^a'ac^renergic 
MNPDLDTGHNTSAPAHWGELKDDNFTGPNQTSSNSTLPQLDVTR 
AISVGLVLGAFILFAIVGNILVILSVACNRHLRTPTNYFIVNLAIADLLLSFTVLPFS 
ATLEVLGYWVLLSFFCDIWAAVDVLCCTASILSLCAISIDRYIGVRYSLQYPTLVTRR 
KAILALLSVWVLSTVISIGPLLGWKEPAPNDDKECGVTEEPFYALFSSLGSFYIPLAV 
ILVMYCRVYIVAKRTTKNLEAGVMKEMSNSKELTLRIHSKNFHEDTLSSTKAKGHNPR 
SSIAVKLFKFSREKKAAKTLGIVVGMFILCWLPFFIALPLGSLFSTLKPPDAVFKVVF 
WLGYFNSCLNPIIYPCSSKEFKRAFMRILGCQCRGGRRRRRRRRLGACAYTYRPWTRG 
GSLERSQSRKDSLDDSGSCMSGTQRTLPSASPSPGYLGRGTQPPVELCAFPEWKPGAL 
LSLPEPPGRRGRLDSGPLFTFKLLGDPESPGTEGDTSNGGCDTTTDLANGQPGFKSNM 
PLAPGHF 



FIGURE 3A 



wo 98/38217 



Rat aiB-adrenergic 



PCT/US98/03991 



1 gggcggactt taaaa toaat cccaatctQQ acaccQocca caacacatca ocacctQCCC 
61 actQQQQaQa attQaaaoat oacaacttca ctoQccccaa ccaqacctcQ aacaactcca 
121 cactQcccca QCtaaacQtc accaoQacca tctctatOQa cctaatQCta QQCQccttca 
181 tcctctttoc catcQtaQQC aacatcttao tcatcctatc oatQacctac aaccgqcacc 
241 tacqgacQCc caccaactac tttatcatca acctaoccat tQCtaaccta ctattaaott 
301 tcacaatact Qcccttctcc actaccctao aaatQCttaa ctactoaatQ ctattaaatt 
361 tcttctQtQa catctQQaca acaqtaqata tcctotactQ tacaacctcc atcctaaqcc 
421 tatqtqccat ctccattqac cqctacattq qgotqcqata ctctctqcaq taccccacqc 
481 tqqtcaccca caqqaaoQcc atcttqqcqc tcctcactqt qtaqqtcttg tccacqqtca 
541 tctccatcqq occtctcct t Qqatqqaaaq aacctccqcc caatqatqac aaaaaatqtq 
601 qqqtcaccqa aqaacccttc tacqccctct tttcctccct qqoctccttc tacatcccac 
661 tcqcqqtcat cctootcatq tactqccqqq tctacatcqt qqccaaqaqq accaccaaqa 
721 atctqqaqqc qqoaqtcatq aaqqaaatqt ccaactccaa gqaqctgacc ctqaqqatcc 
781 actccaaqaa ctttcatqaq gacaccctca qcaqtaccaa qqccaagqqc cacaacccca 
841 ggaqttccat agctgtcaaa ctttttaagt tctccagqga aaagaaaqca qccaaaacct 
901 tqqgcattqt aqtcgqaatq ttcatcttat qttqgctccc cttcucatc gctctcccqc 
961 ttggctccct qttctccacc ctaaagcccc cgqacqccqt gttcaaqqtg qtqttctqqc 
1021 tqqqctactt caacaqctqc ctcaatccca tcatctaccc gtgctccagc aaqqaqttca 
1081 aqcqcgcctt catgcqtatc cttggqtgcc agtqccgcgg tqgccgccgc cqccqccqcc 
1141 gtcqccgtct aqqcgcqt qc qcttacacct accqqccqtg oacccqcggc q gctcqctqq 
1201 aqaqatcaca QtcQcqqaaq qactctctgg atqacagcgq caqctqcatq aocoacacgc 
1261 aqaqqaccct qccctcqgcg tcqcccagcc cgqgctacct gggtcqagga acgcagccac 
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1321 ccQtqqaact Qtacoccttc cccaaqtqQa aacccQQaac QctQctcaac ttQccaoaqn 
1381 ctcctqqccq ccacQQ ccat ctcoactctQ cqccactctt caccttcaao ctcctaooca 
1441 atcctqaqaq cccqqqaacc QaaQacoaca ccaqcaacoa qaoctqcqac a ccacoaccg 
1501 acctqqccaa cqaocaQ ccc qqcttcaaaa qcaacatocc cctqqcqccc qqccacttt t 
1561 agggtccctt ttcatcctcc ccctcaacac actcacacat cggggtgggg gagaacacca 
1621 tcgtaggggc gggagggcgc gtggggggag tgtcagccct aggtagacac agggtcgcaa 
1681 ggggacaagg ggggaggggg gcggggagag gggcagctgc ttttctggca ggggcatggg 
1741 tgccaggtac agcgaagagc tgggctgagc atgctgagag cgtggggggc ccccctagtg 
1801 gttccgggac ttaagtctct ctctcttctc tctctgtata tacataaaat gagttcctct 
1861 attcgtattt atctgtgggt acacgtgcgt gtgtctgttc ggtgtacgtg tgggctgcat 
1921 gggtgtgagt gtgaggcctg cccgcacgcg cgtgccgggg cagagcgagt gcgccccctg 
1981 gtgacgtcca ggtgtgttgt ttgtctcttg actttgtacc tctcaagccc ctccctgttc 
2041 tctagtcaat gctggcactt tgataggatc ggaaaacaag tcagatatta aagatcattt 
2101 ctcctgtg 
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Human 5-HT2A 

1 gaattcgggt gagccagctc cgggagaaca gcatgtacac cagcctcagt gttacagagt 
61 gtgggtacat caaggtgaat ggtgagcaga aactataacc tgttagtcct tctacacctc 
121 atctgctaca agttctggct taaac atQaa tattctttat Qaaaaaaata cttctttoaq 
181 ctcaactaca aactccctaa tacaattaaa taatoacacc aq octctaca ataatoactt 
241 taactctgoa aaaactaaca cttctaatac ama actQQ acaatcaact ctaaaaatCQ 
301 aaccaacctt tcctataaaa aatQcctctc accatcotat c tctccttac ttcatctcca 
361 gaaaaaaaac taatctactt tactaacaac cataataatt attctaacta ttQCtaaaaa 
421 catactCQtc atcatOQcaQ tatccctaaa aaaaaaQCto c aoaatQCca ccaactattt 
481 cctaatQtca cttqccatao ctaatatoct actaoatttc ctto tcatoc ccQtatccat 
541 Qttaaccatc ctatataaat accQataacc tctQccaaac aaactttatQ caqtctaaat 
601 ttacctQQac QtQCtcttct ccacoQCCtc catcatacac ctctQCQCca tctCQCtaaa 
661 ccQctacQtc accatccaaa atcccatcca ccacaaccQC ttcaactcca QaactaaoQC 
721 atttctqaaa atcattgcto tttoaaccat atcaataaat atatc catac caataccaat 
781 ctttaQQCta caqQacaatt caaaaotctt taaaaaaQQa aqttacttac tcaccqataa 
841 taactttatc ctaatcaqct cttttatqtc atttttcatt cccttaac ca tcataataat 
901 cacctacttt ctaactatca aotcactcca aaaaaaaact actttatatQ taaqtoatct 
961 taacacacqg accaaattao cttctttcaa cttcctccct caaaattctt tatcttcaaa 
1021 aaaoctcttc caQcggtcoa tccataaaaa accaaaatcc tacacaaaca ggaqQactat 
1081 gcagtccatc aqcaatgagc aaaagocatg caaqgtgctg qqcatcgtct tcttcctgtt 
1 141 tgtggtgatg tggtgccctt tcttcatcac aaacatcatg gccotcatct gcaaaqaotc 
1201 ctgcaatgag gatgtcattq ggqccctact caatatqttt gtttggatcg gttatctctc 
1261 ttcaqcagtc aacccactaq tctacacact attcaacaag acctataggt cagccttttc 
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1321 acqqtatatt caQtotcaot acaao Qaaaa caaaaaacca ttacaottaa ttttaatoaa 
1381 cacagtgccq gctttgqcct acaaatctao ccaact tcaa atQcoacaaa aaaaaaattc 
1441 gggqcggqat gccaagacaa caoataatoa ctoctcaato ottQctctao oaaaQcaaca 
1501 ttctqaaoa q qcttctaaao acaataacoa cgqaqtqaat gaaaaoatqa qctatota ta 
1561 ataggctagt tgccgtggca actgtggaag gcacactgag caagttttca cctatctgga 
1621 aaaaaaaaat atgagattgg aaaaaattag acaagtctag tggaaccaac gatcatatct 
1681 gtatgcctca ttttattctg tcaatgaaaa gcggggttca atgctacaaa atgtgtgctt 
1741 ggaaaatgtt ctgacagcat ttcagctgtg agctttctga tacttattta taacattgta 
1801 aatgatatgt ctttaaaatg attcactttt attgtataat tatgaagccc taagtaaatc 
1861 taaattaact tctattttca agtggaaacc ttgctgctat gctgttcatt gatgacatgg 
1921 gattgagttg gttacctatt gccgtaaata aaaatagcta taaatagtga aaattttatt 
1981 gaatataatg gcctcttaaa aattatcttt aaaacttact atggtatata ttttgaaagg 
2041 agaaaaaaaa aaagccacta aggtcagtgt tataaaatct gtattgctaa gataattaaa 
2101 tgaaatactt gacaacattt ttcatagata ccattttgaa atattcacaa ggttgctggc 
2161 atttgctgca tttcaagtta attctcagaa gtgaaaaaga cttcaaatgt tattcaataa 
2221 ctattgctgc tttctcttct acttcttgtg ctttactctg aatttccagt gtggtcttgt 
2281 ttaatatttg ttcctctagg taaactagca aaaggatgat ttaacattac caaatgcctt 
2341 tctagcaatt gcttctctaa aacagcacta tcgaggtatt tggtaacttg ctgtgaaatg 
2401 actgcatcat gcatgcactc ttttgagcag taaatgtata ttgatgtaac tgtgtcagga 
2461 ttgaggatga actcaggttt ccggctactg acagtggtag agtcctagga catctctgta 
2521 aaaagcaggt gactttccta tgacactcat caggtaaact gatgctttca gatccatcgg 
2581 tttatactat ttattaaaac cattctgctt ggttccacaa tcatctattg agtgtacatt 
2641 tatgtgtgaa gcaaatttct agatatgaga aatataaaaa taattaaaac aaaatccttg 
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2701 ccttcaaacg aaatggctcg gccaggcacg gaggctcgtg catgtaatcc tagcactttg 
2761 ggaggctgag atgggaggat cacttgaggc caagagmg agaccaacct gggtaacaaa 
2821 gtgagacctc cctgtctcta caaaaaaaat caaaaaatta tctgatcctt gtggcacaca 
2881 actgtggicc cagctacagg ggaggctgag acgcaaggat cacttgagcc cagaagctca 
2941 aggctgcagt gagccaagtt cacaccactg ccatttcctc ctgggcaaca gagtgagacc 
3001 ctatcacccc gaattc 
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Human 5-HT2A 
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Human 5-HT2C 

1 gaattcggga gcgtcctcag atgcaccgat cttcccgata ctgcctttgg agcggctaga 
61 ttgctagcct tggctgctcc attggcctgc cttgcccctt acctgccgat tgcatatgaa 
121 ctcttcttct gtctgtacat cgttgtcgtc ggagtcgtcg cgatcgtcgt ggcgctcgtg 
181 tgatggcctt cgtccgttta gagtagtgta gttagttagg ggccaacgaa gaagaaagaa 
241 gacgcgatta gtgcagagat gctggaggtg gtcagttact aagctagagt aagatagcgg 
301 agcgaaaaga gccaaaccta gccggggggc gcacggtcac ccaaaggagg tcgactcgcc 
361 ggcgcttcct atcgcgccga gctccctcca ttcctctccc tccgccgagg cgcgaggttg 
421 cggcgcgcag cgcagcgcag ctcagcgcac cgactgccgc gggctccgct gggcgattgc 
481 agccgagtcc gtttctcgtc tagctgccgc cgcggcgacc gctgcctggt cttcctcccg 
541 gacgctagtg ggttatcagc taacacccgc gagcatctat aacataggcc aactgacgcc 
601 atccttcaaa aacaactgtc tgggaaaaaa agaataaaaa gtagtgtgag agcagaaaac 
661 gtgattgaaa cacgaccaat ctttcttcag tgccaaaggg tggaaaagaa aggatgatat 
721 gatgaaccta gcctgttaat ttcgtcttct caattttaaa ctttggttgc ttaagactga 
781 aacaatc atQ ataaacctaa QQaatQCQOt acattc attc cttatacacc taattaocct 
841 attQQtttQQ caatQtaata tttctataaa cccaataQca actataataa ctoacatttt 
901 caatacctcc aatgqtQQac qcttcaaatt cccaaacQQQ otacaaaact QQCcaocact 
961 ttcaatcatc atcataataa tcataacaat aaataacaac atccttqtaa tcataQcaat 
1021 aaacataaaa aaaaaactqc acaatqccac caattacttc ttaatqtccc taaccattgc 
1081 toatatacta ataaqactac ttatcatocc cctatctc tc ctoocaatcc tttatoatta 
1141 tQtctQocca ctacctaqat atttataccc cQtctaaatt tctttaoata ttttattttc 
1201 aacaacqtcc atcatocacc tctqcQCtat atcactoaat caatatqtaQ caatacotaa 
1261 tcctattoaq cataqccqtt tcaattcaco qactaaaacc atcataaaaa ttactattot 
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1321 ttaqgcaatt tctatagatg tatcaattcc tatccctoto attaoactQa QogacqaaQa 
1381 aaaaatqttc atoaacaaca caacQtocat octcaacaac ccaaatttca ttcttattOQ 
1441 atccttCQta QCtttcttca taccactqa c qattataatQ attacatatt Qcctaaccat 
1501 ctacgttcta caccaacaaa ctttaatatt actacacaac cacaccqagq aaccqcctgg 
1561 actaaatcta Qatttcctaa aatactacaa qaQQaataca accqaqQaag agaactctgc 
1621 aaaccctaac caaqaccaqa acqcacQccq aaqa aaoaaq aaqqaqaqac qtcctaqqqq 
1681 caccatgcaq qctatcaaca atqaaaqaaa aqcttcgaaa qtccttqqqa ttqttttctt 
1741 tqtqtttctq atcatqtqqt qcccattttt cattaccaat attctqtctq ttctttqtqa 
1801 qaaqtcctqt aaccaaaagc tcatqqaaaa qcttctqaat qtqtttqttt qqattqqcta 
1861 tqtttqttca qqaatcaatc ctctqqtqta tactctqttc aacaaaattt accqaaqggc 
1921 attcTccaac tatttqcqtt qcaattataa qqtaqaqaaa aaqcctcctq tcaqqcaqat 
1981 tccaaqaqtt qccqccactg ctttqtctqg qaqqqaqctt aatqttaaca tttatcqgca 
2041 taccaatqaa ccoqtqatcg agaaagccag tgacaatgag cccqgtatag agatgcaagt 
2101 toaqaattta qaqttaccaq taaatccctc caqtctg ott aqcqaaaqqa ttaqcaqtqt 
2161 Qtgagaaaga acagcacagt cttttctacg gtacaagcta catatgtagg aaaattttct 
2221 tctttaattt ttctgttggt cttaactaat gtaaatattg ctgtctgaaa aagtgttttt 
2281 acatatagct ttgcaacctt gtactttaca atcatgccta cattagtgag atttagggtt 
2341 ctatatttac tgtttataat aggtggagac taacttattt tgattgtttg atgaataaaa 
2401 tgtttatttt tgctctccct cccttctttc cttccttttt tcctttcttc cttcctttct 
2461 ctctttcttt tgtgcatatg gcaacgttca tgttcatctc aggtggcatt tgcaggtgac 
2521 cagaatgagg cacatgacag tggttatatt tcaaccacac ctaaattaac aaattcagtg 
2581 gacatttgtt ctgggttaac agtaaatata cactttacat tcttgctctg ctcatctaca 
2641 catataaaca cagtaagata ggttctgctt tctgatacat ctgtcagtga gtcagaggca 
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2701 gaacctagtc ttgttgttca tataggggaa ttc 
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Rat 5-HT2A Cysteine Lysine Mutant 
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MWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 
RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 
QQSEENCTDNIEtVNEKVSCV 



FIGURE 22 



wo 98/38217 3^/^'? PCT/US98/03991 

Rat 5HT2A Cysteine — Lysine Mutant 
1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 
61 taaaaattct ttataaaoac aatatctctc taaactcaat tccaaactcc ttaatocaat 
121 taQQtQatQQ cccQaoQCtc taccataatQ actt caactc caaaaatQCt aacacttCQO 
181 aaacatCQaa ctoaacaatt aatactaaaa acaaaaccaa cctctcctat Qaaoggtacc 
241 tcccaccaac atacctctcc attcttcatc tccaaaaaaa aaactaotct octttattaa 
301 caactQtcQt aattattctc accattqcta oaaatatact QOtcatcatq qcagtgtccc 
361 taqaaaaaaa qctocaqaat accaccaact attt cctoat otcacttqcc ataoctoata 
421 tactactqqa tttccttotc atacctctot ccatottaa c catcctctat aqqtaccqqt 
481 qqcctttqcc taqcaaqctc tatacqatc t oQatttacct qqatgtgctc ttttctacgg 
541 catccatcat ocacctctgc qccatctccc toqaccocta tqtcqccatc cagaacccca 
601 ttcaccacaq ccqcttcaac tccagaacca aaqccttcct qaaaatcatt qccqtqtgga 
661 ccatatctqt aqqtatatcc atqccaatcc caatctttqq actacaqqat qattcqaaqq 
721 Tctttaaqqa qqqqaqctqc ctqcttoccq atqa caactt tqttctcata qqctcttttq 
781 tqqcattttt catcccccta accatcatqq toatcaccta cttcctqact atcaaqtcac 
841 Ttcaqaaaqa aqccaccttq tgtgtqaqtq acctcaocac tcqaqccaaa ctaqcctcct 
901 tcaqcttcct ccctcaqagt tctctqtcat caqaaaaoct cttccaacqg tccatccaca 

Start C322K primer — ^ 

961 qagagccaqq ctcctacqca ggccgaagga cqatgcaqtc catcaqcaat qaqcaaaagg 

-End C322K primer 

1021 cqglilglaaqqt qctqqqcatc qtqttc 



ttcc totttqttqt aatqtqqtqc ccattcttca 



1081 tcaccaatat catqgccgtc atctgcaaaq aatcctqcaa tqaaaatqtc atcqqaqccc 

1 141 tqctcaatgt qtttqtctqq attqqttatc tctcctcaq c tqtcaatcca ctqqtatata 

1201 cqttqttcaa taaaacttat aqqtccocct tctcaaqqta cattcaqtqt caqtacaagg 

1261 aaaacaqaaa qccactqcaq ttaattttaq tgaacactat accaqcattq qcctacaaqt 

FIGURE 23 



wo 98/38217 




PCT/US98/03991 



1321 ctaQtcaact ccaaataQQa cagaaaaaaa actcacaoQa aoatQctQaQ caoacaatta 
1381 ataactQctc cataattaca ctQaaaaaac aacaotCQQa aQaqaattat acaoacaata 
1441 ttaaaaccQt aaataaaaaQ attaactata to taataaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 23 - CONTINUED 



wo 98/38217 




PCT/US98/03991 



Rat 5HT2A Cysteine Lysine Mutant with Restriction Site 

1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 
61 taaaaattct ttatQaaaa c aatatctctc tQaoctcaat tccaaactcc ttaatocaat 
121 taQQtaatQQ cccoaoo ctc taccataato acttcaactc caQaoatQCt aacacttCQQ 
181 aaocatcaaa ctoaacaa tt aatQCtaaaa acaaaaccaa cctctcctat QaaQOQtacc 

241 tccggccqgc gtqcctgtcc gttcttcgtc tccggggggg ggggtqqtgt gctttgttgg 

301 caactQtCQt oattattctc accattacta aaaatatac t QQtcatcata acaotatccc 

361 taoaaaaaaa Qctacaaaat Qccaccaact atttcctaat atcacttacc ataactaata 

421 tQCtQCtQQQ tttccttatc atQcctatat ccatattaac catcctatat QQataccoat 

481 QQCctttQCC taocaaQC tc totacaat ct aaatttacct aaatotQCtc ttttctacoa 

541 catccatcat Qcacctctoc Qccatctccc taaaccQCta totcaccatc caaaacccca 

601 ttcaccacaa ccacttcaac tccaqaacca aaaccttcct oaaaatcatt QCcatQtqaa 

661 ccatatctQt aoatatatcc ataccaatcc caatcttTQQ actacaQaat QattCQaaao 

721 tctttaaQQa QQaaaQctac ctocttQ ccQ ataaca actt tattctcata QQCtctttta 

781 tQQcattttt catcccccta accatcataa toatcaccta cttcctaact atcaaotcac 

841 ttcaaaaaaa aaccaccttQ tatataaatg acctcaacac tcoaaccaaa ctaocctcct 

901 tcaqcttcct ccctcaqagt tctctotcat caaaaaaact cttccaacQO tccatccaca 

Start C322K primer — i 

961 qaqaQccaaQ ctcctacqca QaccaaaQaa cQatacagtc catcaacaatiQaQcaaaaqg 

f End C322K primer 

1021 CQgjgigaa^at glctaaqcatc qtqttcjttcc tqtttattqt aatqtqqtqc ccattcttca 

^ iL- Mutations to create Seal site 

1081 tcaccaatat catqqccqtc atctqcaaaq aatcctqcaa tqaaaatqtc atcaqagccc 

1 141 tqctcaatQt qtttqtctqq attqqttatc tctcctcaqc tqtcaatcca ctqgtatata 

1201 CQttqttcaa taaaacttat aqqtccgcct tctcaagqta cattcaqtgt caqtacaagg 

1261 aaaacaqaaa occactqcaq ttaattttaq tqaacactat accagcattq qcctacaaot 



FIGURE 24 



wo 98/38217 




PCT/US98/03991 



1321 ctaQtcaoct ccaQata aqa caaaaaaaaa actcacaoaa aQatQCtaag caaacaottQ 
1381 atqgctqctc catggttaca ctaQaoaaac aacaQtcaaa aQa aaattot acaaacaata 
1441 ttoaaaccat aaataaa aaa attaactota ta taatQaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 24 - CONTINUED 



wo 98/38217 ^^/S"^ PCT/US98/03991 

Rat 5-HT2A Cysteine Arginine Mutant 

MEILCEDNISLSSIPNSLMQLGDGPRLYHNDFNSRDANTSEASN 

WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 

KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAIWIYLDVLFST 

ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 

SKVFKEGSCLLADDNFVLIGSFVAFFIPLTIMVITYFLTIKSLQKEATLCVSDLSTRA 

KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSISNEQKA^KVLGIVFFLFVV 

MWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 

RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 

QQSEENCTDNIETVNEKVSCV 



FIGURE 25 



wo 98/38217 




PCTAJS98/03991 



Rat 5HT2A Cysteine Arglnine Mutant 

1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 

61 tQQaaattct ttataaaoac aatatctctc tQaoctc aat tccaaactcc ttaatacaat 

121 taQqtqatqq cccqaQQCtc taccataato acttcaactc caaaaatQCt aacacttcaa 

181 aaacatcqaa ctoqacaatt oatoctQaaa acaoaaccaa cctctcctat oaaqqqtacc 

241 tcccaccqac atqcctctcc attcttc atc tccaooaaaa aaactoqtct qctttattga 

301 caactqtcqt qattattctc accattQcto qaaatatact ogtcatcato acaotatccc 

361 taqaaaaaaa qctqcaqaat qccaccaact atttcctqat qtcacttqcc ataoctaata 

421 tqctqctqqq tttccttqt c atqcctqtat ccatottaac catcctqtat qcqtaccqot 

481 qqcctttqcc taqcaaqctc tqtqcQatct qqatttac ct qqatqtqctc ttttctacoo 

541 catccatc at qcacctctqc qccatctccc tqqaccqcta tqtcqccatc caqaacccca 

601 ttcaccacaq ccocttcaac tccaqaacca aaoccttcct qaaaatcatt qccqtqtoaa 

661 ccatatctqt aqgtatatcc atqccaatcc caatctttqq actacaqqat qattcaaaaQ 

721 tctttaaqqa qqqqaqctqc ctqcttqccq atqacaactt tqttctcata qqctcttttg 

781 tqqcattttt catccccct a accatcatqq tqatcaccta cttcctqact atcaaotcac 

841 ttcaqaaaqa aqccaccttq tqtqtoaqtq acctcaqcac tcqaaccaaa ctaqcctcct 

901 tcaqcttcct ccctcaqagt tctctqtcat caqaaaaqct cttccaacqq tccatccaca 

Start C322R primer -! 

961 qaqaqccaqq ctcctacqca qqccqaagqa cqatqcaqtc catcaqcaat qaacaaaaog 

r^End C322R primer 

1021 cqglg l glaaqqt qctqqqcatc Qtqttcttcc/tqtttQttqt aatqtqatqc ccattcttca 
1081 tcaccaatat catqqccqtc atctqcaaaq aatcctqcaa tqaaaatqtc atcoqaqccc 
1 141 tqctcaatqt qtttqtctqq attqottatc tctcctcaqc tqtcaatcca ctqqtatata 
1201 cqttqttcaa taaaacttat aqqtccqcct tctcaaqqta cattcaotot caqtacaaaQ 
1261 aaaacaqaaa qccactqcaq ttaattttag tqaacactat accaqcattq qcctacaaqt 



FIGURE 26 



wo 98/38217 ^^/s 7 PCT/US98/03991 

1321 ctaatcaoc t ccaaataQaa caaaaaaaoa actcacaaaa aQatactaaa caaacaattg 
1381 ataactQct c catoottaca ctaoQaaaac aacaQtcaoa aaaaaattat acaoacaata 
1441 ttaaaaccQt aaataaaaaa ottaactata ta taataaac tggatgctat ggcaattgcc 
1 501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 26 - CONTINUED 



wo 98/38217 ^^^/Sl PCTAJS98/03991 

Rat SHTjA Cysteine Argmine Mutant with Restriction Site 
1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 
61 tooaaattct ttatQaaoac aatatctctc toaactcaat tccaaactcc ttaatacaat 
121 taQQtqatqq cccaaQQCtc taccataa to acttcaactc caaaaatQCt aacacttCQQ 
181 aaacatcaaa ctoaaca att Qatqctoaaa acaaaaccaa cctctcctat aaaaQatacc 
241 tcccaccqac atocctctcc attcttca tc tccaaoa aaa aaactaatct actttattaa 
301 caactatCQt oattattctc accattacta aaaatatac t aatcatcata acaQtotccc 
361 taqaaaaaaa qctqcaaaat accaccaact atttcctaat Qtcacttacc ataoctaata 
421 tQCtqctogq tttccttcic atocctQtQt ccatattaac catcctqtat QoataccQot 
481 oacctttQCC taacaaqctc tatacoatct oQatttacct QQatatactc ttttctacqq 
541 catccatcat Qcacctctac accatctccc taqaccQCta tatcQccatc caqaacccca 
601 ttcaccacaq ccacttcaac tccagaacca aagccttcct oaaaatcatt Qccqtotgoa 
661 ccatatctat aqatatatcc ataccaatcc caatcttta a actacaoaat QattCQaaoQ 
721 tctttaaqqa qqqqaactqc ctqcttaccq ataacaa ctt tottctcata aactctttta 
781 tqqcattttt catcccccta accatcatqq tqatcaccta cttcctqact atcaaotcac 
841 ttcaqaaaqa aqccaccttq tqtqtqagtq acctcagcac tcqaqccaaa ctaqcctcct 
901 tcagcttcct ccctcaqaqt tctctotcat caqaaaagct cttccaacaq tccatccaca 

Start C322R primer ^ 

961 qaqagccagg ctcctacgca ggccgaaqga cgatgcagtc catcagcaat gajgcaaaaog 

I — End C322R primer 

1021 cgglglQlaaqqt qctqqqcatc qtQttcttccJtctttattqt aatqtaatqc ccattcttca 
1081 tcaccaatat catqoccqtc atctqcaaag aatcctqcaa tgaaaatqtc atcqgacccc 
1 141 tgctcaatgt gtttgtctgg attoqttatc tctcctcaqc tqtcaatcca ctqotatata 
1 201 cqttqttcaa taaaacttat aoatccqcct tctcaagqta cattcaqtqt caqtacaaqq 
1261 aaaacaqaaa qccactqcaq ttaattttaq tqaacactat accagcattg acctacaagt 



FIGURE 27 



wo 98/38217 'yCff PCT/US98/03991 

1321 ctaotcaact ccaaataQQa caoaaaaaaa actcacaoQa aaatactaaQ caaacaatto 
1381 ataactQCtc cataattaca ctQQQQaaac aacaatcQaa aaaa aattat aca aacaata 
1441 ttoaaaccQt Qaatoaaaaa ottaQctata tatQatoaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 27 - CONTINUED 



wo 98/38217 PCTAJS98/03991 
Rat 5-HT2A Cysteine Glutamic Acid Mutant 

MEILCEDNISLSSIPNSLMQLGDGPRLYHNDFNSRDANTSEASN 

WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 

KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAIWIYLDVLFST 

ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 

skvfkegsclladdnfvligsfvaffipltimvityfltikslqkeatlcvsdlstra 

klasfsflpqsslsseklfqrsihrepgsyagrrtmqsisneqkaEkvlgivfflfvv 

mwcpffitnimavickescnenvigallnvfvwigylssavnplvytlfnktyrsafs 

ryiqcqykenrkplqulvntipalaykssqlqvgqkknsqedaeqtvddcsmvtlgk 

qqseenctdnietvnekvscv 



FIGURE 28 



wo 98/38217 ^^/s^ PCT/US98/03991 

Rat SHTj;^ Cysteine Glutamic Acid Mutant 
1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagacg 
61 taaaaattct ttotQaaoac aatatctct c taaactcaat tccaaactcc ttaatocaat 
121 taqqtqatgq cccQaQactc taccataata acttcaactc caQaoatQct aacacttcao 
181 aaqcatcqaa ctqqacaatt qatqcto aaa acaqaaccaa cctctcctqt aaaqqqtacc 
241 tcccaccqac atccctct cc attcttcatc tccaqqaaaa aaactqqtct qctttattqa 
301 caactqtcqt qattattctc accattqcta aaaatatact oatcatcato ocaqtotccc 
361 taqaaaaaa a qctqcaqaat occaccaact atttcctqat qtcacttqcc ataqctqata 
421 tqctqctqqq tttccttqtc atqcctqtq t ccatqttaac catcctqtat qqqtaccqqt 
481 qqcctttqcc taqcaaqctc tqtqcqatct qqatttacc t qqatqtqctc tmctacqo 
541 catccatcat qcacctctqc qccatctccc taa accqcta tqtccccatc caqaancr:na 
601 ttcaccacaq ccqctt caac tccaqaacca aaqccttcct qaaaatcatt qccqtgtgga 
661 ccatatctqt aqqtatatcc atqcca atcc caqtctTtqq actacaqqat qattcqaaqq 
721 tctttaaqqa qqqqaqct qc ctqcttqccq atqacaactt tqttctcata qqctcttttq 
781 tqqcattttt catcccccta accatcatqq tqatcaccta cttcctqact atcaaqtcac 
841 ttcaqaaaqa aqccaccttq tgtqtqaqtq accTcaqcac tcqaqccaaa ctaqcctcct 
901 tcaqcttcct ccctcaq aqt tctctqtcat caqaaaaqct cttccaacqq tccatccaca 



Start C322E primer - 



961 qaqaqccaqq ctcctacqca qqc cqaaqqa cqatqcaqtc catcaqcaat qa|ocaaaang 



p-End C322E primer 

1021 cq(Slgl ^aaqQt qctqqqcatc qtqttcttcd tqtttqttqt aatqtqqtqc ccattcttca 
1081 tcaccaatat catqqccqtc atctqcaaaq aatcctqcaa tqaaaatqtc atcqqaqccc 
1141 tqctcaatqt qmqtctqq attqqttatc tctcctcaqc tqtcaatcca ctqqtatafa 
1201 cqttqttcaa taaaactt at aqqtccqcct tctcaaoqta cattcaqtqt caqtattaann 
1261 aaaacaqaaa qccact qcaq ttaattttaq tqaacactat accaqcattq qcctacaaqt 

FIGURE 29 



wo 98/38217 ^lyS^ PCT/US98/03991 

1321 ctaQtcaqct ccaqgtQQQa caQaaaaaoa actcacaQoa aaatQCtQaq caaacaqttQ 

1381 atqactqctc catdqttaca ctqaqgaaac aacaatcQaa aQaoaattot acaoacaata 

1441 ttaaaaccQt aaatqaaaaa ottaactatq tg taatqaac tggatgctat ggcaattgcc 

1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 

1561 aattag 



FIGURE 29 - CONTINUED 



wo 98/38217 ^lyS^ PCTAJS98/03991 

Rat 5HT2A Cysteine Glutamic Acid Mutant with Restriction Site 
1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 
61 tQQaaattct ttataaaaac aatatctctc taaac tcaat tccaaactcc ttaatocaat 
121 taQQtaatQQ cccaaQQCtc taccataa to acttcaactc caQaaatact aacacttcgg 
181 aaQcatcaaa ctaaacaatt aatQctoaaa acaaaac caa cctctcctat aaaaQQtacc 
241 tcccaccaac atacctctc c attcttcatc tccaoQaaaa aaactoatct actttattaa 
301 caactQtcat oattattctc accattacta aaaatata ct aQtcatcata Qcaototccc 
361 taaaaaaaaa actqcaaaat accaccaact atttcctaat Qtcacttacc ataactaata 
421 tQCtactaQg tttccttatc atQcctatat ccatottaac catcctatat qqqtaccQQt 
481 ggcctttQCC taacaaact c tatacaatct oQatttacct aaatotQCtc ttttctacaa 
541 catccatcat gcacctctgc gccatctccc tqgaccgcta tgtcgccatc cagaacccca 
601 ttcaccacag ccgcttcaac tccaqaacca aagccttcct gaaaatcatt gccgtgtgga 
661 ccatatctgt aggtatatcc atgccaatcc cagtctttgg actacaggat gattcgaagg 
721 tctttaagga gggqaqctgc ctgcttgccg atgacaactt tgttctcata ggctcttttg 
781 tggcattttt catcccccta accatcatgg tgatcaccta cttcctgact atcaagtcac 
841 ttcagaaaga agccaccttg tgtgtgagtg acctcaacac tcgagccaaa ctagcctcct 
901 tcagcttcct ccctcagagt tctctgtcat cagaaaagct cttccaacqg tccatccaca 

Start C322E primer 1 

961 gagagccagg ctcctacgca ggccgaagga cgatgcagtc catcagcaat galgcaaaagg 

|— End C322E primer 

1021 cgggl glaaggt glctgggcatc gtgttcttcd tgtttgtt gt aatgtggtgc ccattcttca 

't— Mutation to create Rsal site 
1081 tcaccaatat catggccgtc atctgcaaag aatcctgcaa tgaaaatgtc atcggagccc 

1 141 tgctcaatgt gtttgtctgg attggttatc tctcctcagc tgtcaatcca ctggtatata 

1201 cgttgttcaa taaaacttat aggtccgcct tctcaaggta cattcagtgt cagtacaagg 

1261 aaaacagaaa gccactgcag ttaattttag tgaacactat accagcattg gcctacaagt 

FIGURE 30 



wo 98/38217 




PCT/US98/03991 



1 321 ctaatcaoct ccagotgnna cagaaaaaaa actcacaQQa aaatqctQag caaacaottQ 
1381 atgactQctc cataattac a ctgoaaaaac aacaat cQQa aaaaaattat acaoacaata 
1441 ttoaaaccQt aaataaaaaa qttagctQtQ ta tqataaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 



FIGURE 30 - CONTINUED 



wo 98/38217 ^l^/S^ PCTAJS98/03991 

Rat 5-HT2C Serine Lysine Mutant 

ivivnlgnavrsllmhligllvwqfdisispvaaivtdtfnssdgg 

rlfqfpdgvqnwpalsivviiimtiggnilvimavsiviekklhnatnyflmslaiadml 

vgllvmplsllailydyvwplprylcpvwisldvlfstasimhlcaisldryvairnp 

lehsrfnsrtkaimkiaivwaisigvsvpipviglrdeskvfvnnttcvlndpnfvli 

gsfvaffipltimvityfltiyvlrrqtlmllrghteeelanmslnflnccckkngge 

eenapnpnpdqkprrkkkekrprgtmqainnekkaEkvlgivffvflimwcpffitni 

lsvlcgkacnqklmekllnvfvwigyvcsginplvytlfnkiyrrafskylrcdykpd 

kkppvrqiprvaatalsgrelnvniyrhtnervarkandpepgiemqvenlelpvnps 

nvvserissv 



FIGURE 31 



wo 98/38217 




PCT/US98/03991 



Rat 5HT2C Serine Lysine Mutant 
ORIGIN 23 bp upstream of Hindlli site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga agcaatc ata atgaacctta QcaacQcgat QCOCtCQCtc 
721 ctqatqcacc taatcQQCct attoQTttQQ caattcaata tttccataaq tccagtaaca 
781 qctataqtaa ctaacacttt taattcctcc qataatqaac acttatttca attcccqqac 
841 qqqqtacaaa actqqccaqc actttcaatc ctcatqatta taatcatqac aataoqqooc 
901 aacattcttq ttatcatgqc aqtaaqcatg qaqaaqaaac tqcacaatqc aaccaattac 
961 ttcttaatqt ccctaqccat tqctqatatq ctqqtqqqac tacttqtcat qcccctqtcc 
1021 ctqcttqcta ttctttatqa ttatqtctqq cctttaccta oatatttqtq ccccqtctqq 
1081 atttcactao atotqctatt ttcaactqcq tccatcatqc acctctqcqc catatcqctq 
1 141 qacccqtatq taqcaatacq taatcctatt qaqcataqcc qqttcaattc qcqqactaag 
1201 qccatcatqa aqattqccat CQtttqqqca atatcaataq oaqt ttcaqt tcctatccct 



FIGURE 32 



wo 98/38217 . PCT/US98/03991 

1261 Qtqattqqac tqaggqacaa aaacaaaatQ ttcoto aata acaccacQtq cotactcaat 

1321 qaccccaact tcqttctcat cqqotccttc otoQcat tct tcatcccott oacQattata 

1381 qtqatcacct acttcttaac qatctacq tc ctqcqccqtc aaactctoat qnacttcoa 

1441 qotcacaccq aqqaqqaact qqctaa tatq aqcctqaact ttctqaactq ctqctqcaaq 

1501 aaqaatqq tq qtqaqqaaoa Qaacqctccq aaccctaatc caqatcaoaa accacqtcoa 

Start S3 12K primer 

1561 aaqaaqaaaq aaaaac qtcc caqaqqcacc atqcaaocta tcaacaateoa aaaqaaaoct 

j-*-End S312K primer 

1621 glgigiaaaqtcc ttqocat^t attctttqtQ tttctqatca tqtqqtqccc otttttcatc 
1681 accaatatcc tqtcqqttct ttqtqqa aaq qcctqtaacc aaaaqctaat qqaqaaqctt 
1741 ctcaatqtqt ttatqtqaat tooctato tq tqttcaqqca tcaatcctct qqtqtacact 
1801 ctctttaata aaatttaccq aaqqqctttc tctaaatatt tqcqctqcqa ttataaqcca 
1861 qacaaaaaqc ctcctqttcq acaqattcct aqqqttqcTq ccactocttt qtctgqqagq 
1921 qaqctcaatq ttaacattta tcqqcatacc aatqaacqtq tqqctaqqaa aqctaatqac 
1981 cctqaqcctq qcataqaqat gcagqtqqaq aacttaqaoc tqccaqtcaa cccctctaat 
2041 qtqqtcaqcq agaqgattaq tagtgtg taa gcgaagagca gcgcagactt cctacaggaa 
2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 
2161 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 
2221 atcatgcgtt aatagtgaga ttcggg 
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Rat 5HT2C Serine Lysine Mutant with Restriction Site 
ORIGIN 23 bp upstreann of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga agcaatc ato ataaacctta Qcaacacoat Qcoctcoctc 
721 ctoatQcacc taatcgocct attogtttQQ caattcoata tttccataao tccaotacca 
781 qctataataa ctoacacttt taattcctcc QatoataQac Qcttatttca attcccagac 
841 gqqqtacaaa actQQCc aac actttcaatc Qtcataatta taatcatoac aataQQaoQc 
901 aacattcttq ttatcatoac aotaaQca to oaoaaqaaac tqcacaatqc aaccaattac 
961 Ttcttaatqt ccctaqccat tqctcatata ctogtoaoac tacttotcat occcctatcc 
1021 ctqcttqcta ttctttataa ttatotctoq cctttaccta qatatttoto ccccQtctoa 
1081 atttcactao atqtactatt ttcaactocq tccatcatgc acctctocgc catatcocta 
1 141 qaccqgtatq taccaatacq taatcctatt qaqcataqcc qottcaattc ocqQactaag 
1201 qccatcatqa aqattoccat cotttcQa ca atatcaataq qactttcaqt tcctatccct 
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1261 QtaattQQac tQaQQaacaa aaacaaaotQ ttcata aata acacca cato cotQCtcaat 

1321 Qaccccaact tcottctcat cQcatccttc otoQcattct tcatcccott aacQattata 

1381 Qtaatcacct acttcttaac oatctacQtc ctacQccatc aaactctaat Qttacttcaa 

1441 QQtcacaccQ aaQaQaaact oQCtaatata aQCctaaact ttctaaacta ctQCtQcaaa 

1501 aaaaatQQt q QtaaQQaaoa aaacQCtccQ aaccctaatc caaatcaQaa ac cacatcaa 

Start S312K primer n 

1561 aaqaaaaaaQ aaaaocQ tcc caaaaQcacc atacaaacta tcaacaalcQa aaaaaaaact 

r — End S312K primer 

1621 m^B^^QXm Uqqcatjqt gngtttqtq mctq9tC9 tqtqqtqccc qtttttcatc 

t— Mutation to create Seal site 
1681 accaatatcc tatcoottct ttataqqaaa qcctotaacc aaaaoctaat aQaaaaactt 

1741 ctcaatqtQt ttototaaat taactatatq tattcaqoca tcaatcctct oatatacact 

1801 ctctttaata aaatttaccg aagggctttc tctaaatatt tQcactqcaa ttataaacca 

1861 gacaaaaaac ctcctqttco acaqattcct aqaqttoctg ccactccttt qtctggqaqq 

1921 qaqctcaato ttaacattta tcqqcatacc aatqaacqtq tggctaqqaa aqctaatqac 

1981 cctqaqcctq qcataqaqat qcaqgtgqag aacttaqaqc tqccaqtcaa cccctctaat 

2041 qtqqtcaqcq aqaqqattaq taqtqtq taa gcgaagagca gcgcagactt cctacaggaa 

2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 

2161 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 

2221 atcatgcgtt aatagtgaga ttcggg 
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Rat 5-HT2C Serine Phenylalanine Mutant 

mvnlgnavrsllmhligllvwqfdisispvaaivtdtfnssdgg 

rlfqfpdgvqnwpalsivviiimtiggnilvimavsmekklhnatnyflmslaiadml 

vgllvmplsllailydyvwplprylcpvwisldvlfstasimhlcaisldryvairnp 

lehsrfnsptkaimkiaivwaisigvsvpipviglrdeskvfvnnttcvlndpnfvli 

gsfvaffipltimvityfltiyvlrrqtlmllrghteeelanmslnflnccckkngge 

eenapnpnpdqkprrkkkekrprgtmqainnekkaFkvlgivffvflimwcpffitni 
lsvlcgkacnqklmekllnvfvwigyvcsginplvytlfnkiyrrafskylrcdykpd 
kkppvrqiprvaatalsgrelnvniyrhtnervarkandpepgiemqvenlelpvnps 
nvvserissv 
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Rat 5HT2C Serine -» Phenylalanine Mutant 
ORIGIN 23 bp upstream of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga agcaatc gtg gtoaacctta QcaacacQQt QcoctcQctc 
721 ctqatQcacc taatcqgcct attQQtttQQ caattcoata tttccataao tccaataaca 
781 Qctataataa ctaacacttt taattcctcc QatQQtaa ac Qcttotttca attcccaoac 
841 gqaatacaaa actaaccaac actttcaatc atcataatta taatcatoac aataaQQqqc 
901 aacattcttq ttatcatqqc aataaqcata aaaaaaaaac tacacaatoc aaccaattac 
961 ttcttaatgt ccctaqccat tqctqatatq ctgqtggqac tacttqtcat qcccctgtcc 
1021 ctqcttqcta ttctttatqa ttatqtctqq cctttaccta qatatttqtq ccccqtctgg 
1081 atttcactag atgtgctatt ttcaactqcq tccatcatqc acctctqcgc catatcqctg 
1 141 qaccqqtato taocaatacq taatcctatt qaqcataqcc qattcaattc qcoqactaaQ 
1201 qccatcatqa aqattqccat cqtttaqqca atatcaataq qaotttcaqt tcctatccct 

FIGURE 35 
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1261 qtqgttqqac tqaqqqacQa aaqcaaaata ttcatoaata acaccacata catoctcaat 
1321 qaccccaact tcgttctcat cqqqtccttc Qtaocatt ct tcatcccqtt qacoattatQ 
1381 qtoatcacct acttcttaac aatctac otc ctQCQccotc aaactctqat attacttcoa 
1441 oatcacac cq aqaaQoaact cactaatata aocctqaact ttctoaacta ctQCtocaao 
1501 aaqaatqqtq qtgaqqaaqa oaacoctcco aaccctaatc caoatcaoaa accacotcQa 



Start S3 1 2F primer 

1561 aaqaaqaaaq aaaao cqtcc caqaqqcacc atqcaaccta tcaacaabqa aaaoaaaoct 



J- — End S312F primer 
1621 1^©aaaqtcc ttqqcatlfqt attctttqta t ttctoatca totaotcccc atttttcatc 

1681 accaatatcc tqtcqgttct ttqtqqgaaq gcctqtaacc aaaaoctaat qqaaaacctt 

1741 ctcaatqtqt ttqtqtqqat tqqctatQt q tqttcaoaca tcaatcctct qqtatacact 

1801 ctctttaata aaatttaccq aaqgoctttc tctaaatatt tqcQctQcaa ttataaqcca 

1861 gacaaaaa gc ctcctqttcq acaqattcct aoaqttqctq ccactqcttt qtctgoqaqQ 

1921 qaqctcaatq ttaacattta tcggcatacc aataaacqtq tggctaqqaa aqctaatqac 

1981 cctqaqcc tg gcataqagat gcaqqtqqag aacttagaqc tgccaqtcaa cccctctaat 

2041 gtqgtcaqcg aq^gqattaQ taqtototaa gcgaagagca gcgcagactt cctacaggaa 

2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 

2161 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 

2221 atcatgcgtt aatagtgaga ttcggg 
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Rat 5HT2C 312Serine Phenylalanine Mutant with Restriction Site 
ORIGIN 23 bp upstream of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga agcaatc ato ataaaccttQ acaacacQQt acactCQCtc 
721 ctoatQcacc taatcaocct attQQtttQ Q caattcoata tttccataaq tccaqtaqca 
781 Qctataotaa ctaacacttt taattcctcc qataataaac octtatttca attcccaqac 
841 qqqatacaaa actaaccaoc actttcaatc otcqtgatta taatcatqac aataqqgqqc 
901 aacattcttq ttatcatoqc aqtaaccatq gagaagaaac tqcacaatqc aaccaattac 
961 Ttcttaatqt ccctagccat toctgatatg ctqqtqqqac tacttqtcat qcccctotcc 
1021 ctqcttocta ttctttatqa ttatotctoo cctttaccta oatatttota ccccqtctaq 
1081 atttcactaq atotactatt ttcaactqcq tccatcatqc acctctacoc catatcacta 
1 141 qaccqqtatq taqcaatacq taatcctatt qaacataacc oattcaattc qcooactaag 
1201 qccatcatqa aoattqccat cqtttqqgca atatcaatag qagtttcaqt tcctatccct 
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1261 Qtoattaaac taaQQaacoa aaQcaaaoto ttcatoaata aca ccacota catactcaat 

1321 oaccccaact tcottctcat coQQtccttc ataocattct tcatccc att aacaattatQ 

1381 Qtoatcacct acttcttaac oatctac atc ctocQCcatc aaactctoat ottacttcoa 

1441 QQtcacaccQ aoQaQaaact QQCtaatato aocctaaact ttctoaacta ctQctacaao 

1501 aaqaatoatQ QtaaaoaaQa oaacactccQ aac cctaatc caoatcaQaa accacQtcoa 



Start S31 2F primer 

1561 aaoaaaaaaQ aaaaac atcc caoaQqcacc atocaaacta tcaacaatcoa aaaoaaaact 



J- — End S312F primer 
1621 I^Oaaaatglc ttoacatfet attctttoto tttctaatca totaataccc atttttcatc 

— Mutation to create Seal site 
1681 accaatatcc tatcaattct ttatoQc aaQ occtataacc aaaaoctaat QQaaaaactt 

1741 ctcaatQtQt ttatatoaat toQctatotQ tqttcaggca tcaatcctct qatotacact 

1801 ctctttaata aaatttacca aaaaactttc tctaaatatt tqcqcTQCoa ttataaocca 

1861 qacaaaaaoc ctcctattco acaoatt cct aoaottQcta ccactocttt otctQOoaoQ 

1921 oaQctcaata ttaacattta tcooc atacc aataaacato toQctaaaaa aactaatoac 

1981 cctqaaccta acataaaQat QcaQotaaaQ aacttaaaac taccaatcaa cccctctaat 

2041 qtqqtcaacq aqagqattaq taqtqtq taa gcgaagagca gcgcagactt cctacaggaa 

2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 

2161 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 

2221 atcatgcgtt aatagtgaga ttcggg 



FIGURE 36 - CONTINUED 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/03991 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :C07K 14/705; C12N 15/10. 15/12 

US CL :435/69. 1. 172.3; 530/350. 536/23.5 
According to International Patent Classification QPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 435/69.1. 172.3; 530/350, 536/23.5 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Extra Sheet. 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Elken et al. Application of natural and amplification created 
restriction sites for the diagnosis of PKU mutations. Nucleic Acids 
Research. July 1991. Vol. 19, No. 7. pages 1427 to 1430, see 
entire document. 

Kao et al. Site-directed mutagenesis of a single residue changes the 
binding properties of the serotonin 5-HT2 receptor from a human to 
a rat pharmacology. FEBS Letts. August 1992, Vol. 307, No. 3. 
pages 324-328, see in particular Figures 1 and 2. 



14, 15 



1-13, 16-24 



I x| Further documents are listed in the continuation of Box C. | ) See patent family annex. 



' Special caiegories of cited docvunents: 

* A' document defining the general itate of the &rt which is not considered 

to be of particular relevance 

'E' earlier document published on or after the international filing date 

*L* document which may throw doubts on priority claiin(s) or which is 

cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 

means 

*P" document published prior to the international filing date but later than 
the priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other luch documents, such combination 
being obvious to a person skilled in the art 

document member of the seme patent family 



Date of the actual completion of the international search 



14 MAY 1998 



Date of mailing of the international search report 

g 3 JUN I99fl 




Name and mailing address of the ISA/US 
Conunissioner of Patents and Trademarks 
Box PCT 

Washington, D C 20231 
Facsimile No. (703) 305-3230 



Authorized i^^i<)erj 

JOHN ULM 
Telephone No. (703) 308-0196 



Form PCT/ISA/2 10 (second sheetXJuly 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/03991 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


Boone et al. Mutations that alter the third cytoplasmic loop of the 
a-factor receptor lead to a constitutive and hypersensitive 
phenotype. Proc. Natl. Acad Sci. November 1993. Vol. 90. 
pages 9921-9925. see especially Figure 2. 


1-13, 16-24 


V 


Parma et al. Somatic mutations in the thyrotropin receptor gene 
cause hyperfunctioning thyroid adenomas. Nature, 14 October 
1993. Vol. 365. pages 649-651. especially Figure 2. 


1-13, 16-24 


Y 


Shenker et al. A constitutiveiy activating mutation of the 
luteinizing hormone receptor in familial male precocious puberty. 
Nature, 14 October 1993. Vol. 365. pages 652-654. especially 
Figure Ic. 


1-13, 16-24 


Y 


Cohen et al. Constitutive Activation of Opsin, Influence of Charge 
at Position 134 and Sizre at Position 296. Biochemistry. 
December 1993. Vol. 32. No. 23. pages 6111-6115, see entire 
document. 


1-13, 16-24 


Y 


Samama et al. A Mutation-induced Activated State of the beta2- 
adrenergic receptor. Journal of Biological Chemistry. 05 March 
1993. Vol. 268. No. 7. pages 4625-4636. especially Figure L 


1-13, 16-24 


Y 


Kjelsberg et al. Conservative Activation of the alphalB- 
Adrenergic Receptor by All Amino Acid Substitutions at a Single 
Site. Journal of Biological Chemistry. 25 January 1992. Vol. 
267. No. 3. pages 1430-1433. especially Figure 1. 


1-13, 16-24 


Y 


Ren et al. Constitutiveiy Active Mutans of the alpha2-Adrenergic 
Receptor. Journal of Biological Chemistry. 05 August 1993. Vol. 
268. No. 22, pages 16483-16487. especially Figure I. 


1-13, 16-24 


Y 


Bluml et al. Functional Role of a Cytoplasmic Aromatic Amino 
Acid in Muscarinic Receptor-mediated Activation of Phospholipase 
C. Journal of Biological Chemistry. 15 April 1994, Vol. 269. 
No. 15. pages 11537-11541. especially Figure I. 


1-13, 16-24 



Form PCT/1SA/2I0 (continuation of second sheetXJuly 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/0399! 



B. FIELDS SEARCHED 

Electfonic data bases consulted (Name of data base and where practicable terms used): 
APS. STN/MEDLINE 

search terms: polymerase chain reaction, site directed mutagenesis, cleavage site#. constitutiv?. activ?, receptor^, G 
protein// 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees 
must be paid. 

Group I, claims 1-13, 16-22, drawn to a nucleic acid encoding a con stitu lively active receptor and the protein encoded 
thereby. 

Group II, claims 14-15. drawn to a method of site directed mutagenesis. 
Group III, claims 23-24. drawn to a transgenic animal. 



The inventions listed as Groups 1, II and III do not relate to a single inventive concept under PCT Rule 13.1 because, 
under PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: 
Inventions I and III arc materially different inventions which lack a common utility based upon a common special 
technical feature that is disclosed as responsible for that utility and which is lacking from the prior art. Invention 11 is 
unrelated to inventions I and III because it is a method which performs a different function, operates upon a different 
principal and achieves a different result Accordingly, the claims are not so linked by a special technical feature within 
the meaning of PCT Rule 13.2 so as to form a single inventive concept. 



Form PCT/ISA/2I0 (extra shcetXJuly 1992)* 



